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NOTE FROM THE AUTHOR... 


YoU ARE ABOUT TO ENTER THE WORLD OF ELECTRONIC SENSORS. IT's A FASCINATING PLACE 
WHERE YOU WILL EXPERIMENT WITH ELECTRONIC DEVICES THAT RESPOND TO TOUCH, PRESSURE 
MAGNETISM, LIGHT, TEMPERATURE, AND ROTATION. WHEN YOU BUILD AND EXPERIMENT WITH THE 
PROTECTS In THIS LAB KIT, YOU WILL HAVE FUN WHILE LEARNING HOW ELECTRONIC CIRCUITS 
OECPOND TO THE WORLD AROUND THEM. I HOPE YOU ENJOY EXPERIMENTING WITH THESE PROJECTS 


AS MUCH AS I DID DESIGNING THEM. 
FORREST M. MIMS. Ill 
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1. ALWAYS PUSH THE POWER SWITCH TO THE OFF POSITION (DOWN) BEFORE BUILDING OR 
MODIFYING A CIRCUIT AND WHEN YOU ARE NOT USING THE SENSORS LAB. 


2. IF A CIRCUIT FAILS TO WORK PROPERLY WHEN THE POWER SWITCH IS PUSHED ON (UP), PUSH 
THE SWITCH OFF (DOWN) UNTIL YOU FIND AND CORRECT THE PROBLEM (SEE PAGE 22). 


3. OVERHEATED ELECTRONIC COMPONENTS MAY EMIT A DISTINCTIVE ODOR. VERY IMPORTANT: 
IF YOU NOTICE AN ODOR AFTER SWITCHING THE POWER SWITCH ON, PUSH THE SWITCH OFF AND 
CHECK YOUR WIRING FOR POSSIBLE ERRORS. - 


4. NEVER MAKE A DIRECT CONNECTION BETWEEN THE POSITIVE (+) POWER SUPPLY POINTS 
ALONG THE TOP _OF THE BREADBOARD AND THE GROUND POINTS ALONG THE BOTTOM. 


5. THE THREE POTENTIOMETERS (POTS) HAVE BUILT-IN SERIES RESISTORS TO LIMIT (REDUCE) 
CURRENT. WHEN USING THE LOOSE LIGHT-EMITTING DIODES (LEDS), ALWAYS INCLUDE A SERIES 
RESISTOR OF AT LEAST 470 OHMS. SEE ANY PROJECT THAT USES AN LED. 


&. BEFORE USING THE 4011 DIGITAL LOGIC CHIP AND THE POWER FIELD-EFFECT TRANSISTOR 
PROVIDED WITH YOUR SENSORS LAB, REMOVE ANY STATIC CHARGE ON YOUR BODY BY TOUCHING 
A METAL PIPE, LARGE METAL OBJECT OR SCREW ON A LIGHT SWITCH PLATE. 


7. NEVER PULL ON THE WIRES OF THE REMOTE LINK WHEN REMOVING ITS PLUG FROM THE 
CONSOLE SENSOR SOCKET OR WHEN REMOVING A SENSOR CARD FROM THE REMOTE LINK 
SOCKET. ONE OR BOTH WIRES MAY COME LOOSE. 


8. STORE THE SENSOR CARDS AND LOOSE PARTS PROVIDED WITH YOUR SENSORS LAB IN THE 
CONSOLE BAY. THE INTEGRATED CIRCUITS AND THE POWER FET TRANSISTOR SHOULD ALWAYS 
BE STORED IN THE CONDUCTIVE PLASTIC FOAM IN WHICH THEY WERE SHIPPED. WHILE BUILDING 
CIRCUITS, YOU CAN TEMPORARILY STORE PARTS YOU ARE USING BY INSERTING THEM INTO AN 
UNUSED PORTION OF THE BREADBOARD. BE SURE THAT NO COMPONENTS OR WIRES FROM YOUR 
CIRCUITS ARE PLUGGED INTO HOLES THAT LEAD TO UNUSED PARTS. 


o. THE LED BARGRAPH READOUT CONSUMES MORE POWER THAN MOST OF THE CIRCUITS THAT 
YOU WILL BUILD. BE SURE TO PUSH THE DISPLAY MODE SWITCH TO THE OFF POSITION WHEN 
THE READOUT IS NOT BEING USED. A 


BATTERY INSTALLATION AND CARE e! 


YOUR SENSORS LAB REQUIRES ONE 9-VOLT BATTERY. REMOVE THE BATTERY COVER ON THE | 
BOTTOM OF THE CONSOLE, SNAP THE BATTERY CONNECTOR ONTO THE BATTERY TERMINALS 
AND REPLACE THE COVER. 

U 
A FRESH BATTERY WILL PROVIDE MANY HOURS OF OPERATION. WHEN THE BATTERY BECOMES _ 


WEAK, THE LED READOUT AND SOME OF THE PROJECTS WILL NOT WORK PROPERLY. BE SURE TO 
REPLACE THE BATTERY WHEN YOU NOTICE THESE SYMPTOMS, D. 


BE SURE TO REMOVE THE 9-VOLT BATTERY IF YOU PLAN TO STORE YOUR ELECTRONIC 
{AB CONSOLE FOR AN EXTENDED PERIOD OF TIME. 


FREQUENTLY ASKED QUESTIONS 


1. "DO I HAVE TO BUILD THE PROJECTS IN THE ORDER THEY ARE GIVEN? 


NO. BUT IF YOU ARE NEW TO ELECTRONICS, OR IF THIS IS YOUR FIRST LAB KIT, BE SURE TO 
READ THE INTRODUCTORY PAGES THAT FOLLOW AND TO BUILD THE EXAMPLE CIRCUIT ON 
PAGES 18-21 BEFORE GOING FURTHER. YOU WILL THEN KNOW WHAT YOU NEED TO KNOW TO 
HAVE THE MOST FUN WITH AND TO LEARN THE MOST FROM YOUR SENSORS LAB. 


>. “THERE ARE MANY WAYS TO BUILD CIRCUITS. Do | HAVE TO FOLLOW THE CHECK LISTS? 


IF YOU ARE NEW TO ELECTRONICS, YES. WTH A LITTLE EXPERIENCE, YOU WILL SOON BE 
BUILDING THE CIRCUITS STRAIGHT FROM THE CIRCUIT DIAGRAMS. 


z. "WHAT DO I DO WHEN A CIRCUIT DOES NOT WORK? 


TE YOU FOLLOW THE INSTRUCTIONS AND USE REASONABLE CARE, CIRCUITS SHOULD WORK THE 
cigsT TIME YOU PUSH THE POWER SWITCH ON. WHEN A CIRCUIT DOES NOT WORK, PUSH THE 
POWER SWITCH OFF AND TURN TO PAGE 22 FOR SOME TROUBLESHOOTING TIPS. 


© “TS TT OK TO MODIFY OR CHANGE THE CIRCUITS IN MY SENSORS LAB MANUAL?” 


YES. EVEN AFTER YOU BUILD A CIRCUIT THERE ARE SOME EXTRA PARTS FOR MAKING 
CHANGES. BUT YOU MUST FOLLOW BASIC ELECTRONIC DESIGN GUIDELINES BEFORE MAKING 
SUCH CHANGES. OTHERWISE YOU MAY DAMAGE SENSITIVE PARTS LIKE ICS AND TRANSISTORS. 
= You ARE NEW TO ELECTRONICS, WAIT UNTIL YOU VE BUILT MOST OR ALL THE PROJECTS 
\ THIS MANUAL BEFORE MODIFYING CIRCUITS. BY THEN YOU MIGHT BE ABLE TO DESIGN YOUR 


OWN CIRCUITS. 
= "CAN I USE THE CIRCUITS IN MY SENSORS LAB IN PROJECTS FOR SCHOOL OR AT WORK?” 


J 


CENERALLY, YES. BUT SINCE THE AUTHOR AND RADIOSHACK HAVE NO CONTROL OVER WHAT 
YOU DO WITH YOUR SENSORS LAB, WE ARE NOT RESPONSIBLE FOR ANY ADVERSE 
CONSEQUENCES. FOR EXAMPLE, YOU SHOULD NEVER USE YOUR SENSORS LAB OR ITS CIRCUITS 
FOR MEDICAL APPLICATIONS, SAFETY DEVICES, TRAFFIC CONTROLLERS, OR ANY OTHER USE 
THAT MIGHT SOMEHOW RESULT IN DAMAGE TO PROPERTY OR INJURY TO YOU OR OTHERS. 


INSTHUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS 

YOU WILL LEARN MUCH AND HAVE LOTS OF FUN AS YOU EXPLORE THE EXCITING WORLD OF 
SOLID STATE ELECTRONICS WITH YOUR ELECTRONIC SENSORS LAB. YOU MIGHT EVEN THINK 
ABOUT FORMAL ELECTRONICS TRAINING SOME DAY. IF SO, YOU WiLL WANT TO, KNOW ABOUT 
THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE), THE WORLDS LARGEST 
PROFESIONAL SOCIETY FOR ELECTRICAL ENGINEERS. YOU CAN FIND TEEE MAGAZINES AND TECH 
NICAL JOURNALS AT COLLEGE LIBRARIES. YOU CAN LEARN MORE ABOUT THE IEEE BY VISITING 


ITS WEB SITE (WWW.IEEE-ORG). 


MANY TEEE MEMBERS FIRST LEARNED ABOUT ELECTRONICS BY BUILDING GIRCDITS SMa LIkE 
THOSE IN YOUR SENSORS LAB. THEY KNOW THAT THEIR WORK INFLUENCES THE LIVES, HEALTH, 
AND SAFETY OF PEOPLE T! HROUGHOUT THE WORLD. THEREFORE, IEEE MEMBERS HAVE COMMITTED 
THEMSELVES TO PRACTICING THE HIGHEST ETHICAL AND PROFESSIONAL CONDUCT. MEMBERS AGREE 
TO ABIDE BY A CODE OF ETHICS THAT RECOGNIZES THE IMPORTANCE OF HONESTY, INTEGRITY, 

PE THESE SAME PRINCIPLES WILL SERVE AS YOUR ETHICAL COMPASS 


FAIR Ty. I HO 
NESS, AND SAFE WORLD OF ELECTRONIC SENSORS. 
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AS YOU EXPLORE THE AMAZING 
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THE CONSOLE ELECTRONIC PARTS oe rtxeny 


MANY OF THE PARTS PROVIDED WITH YOUR ELECTRONI aE INSTALLED ON THE 
INSTALLED ON THE SOLDERLESS BREADBOARD. THESE PARTS A COMPARE YOURE 


CONSOLE. CONNECTION SPRINGS MAKE TH ~_ 
SENSORS LAB WTH THE ILLUSTRATION BELOW TO BECOME FAMILIAR WITH ITS MANY PARTS. 


PARTS STORAGE BAY 
ROTATION SENSOR 


—— 


+ GPP 
= @ 


= | 
— ___)) SIROTATION SENSOR 


kbs 
ip 


©0008 
©0000| | | ©0000 
©0000) | 90000 
0006) | @0000 
©0000| | ©0000 
©0600) | 20000 
© ©0000 

©0008 

©9000 

oo) 


9099099886 


©888608SO80 
ABBOVOZEHxAc-ToONmMooo> 


©©000000006 
Doeeosoooes 
099000000 


© 
® 


4 
® 
2] 
2] 
® 

c® 

f 

t 
© 

© 
>) 
® 
® 


|}6 6 10 


1M POTENTIONZ FR 


MAGNET SENSOR 


BREADBOARD DISPLAY MODE SWITCH — ‘ 


POWER SWITCH POTENTIOMETERS (5) TRANSFORMER 


BRIEF EXPLANATIONS FOR THESE PARTS ARE ON T ; 
| : ® Anb HE 
MORE ABOUT EACH PART AS YOU BUILD THE PROJECTS ts TAN EAN 


PO 
THE POWER SWITCH APPLIES POWER (+9 VOLTS) TO THE BREADBOARD. 


ROTATION SENSOR 
A SMALL DC MOTOR THAT PRODUCES A VOLTAGE WHEN ROTATED. 


A PAIR OF INTERLEAVED CONTACTS THAT CAN BE BRIDGED BY A FINGER TIP OR PRESSURE- 
SENSITIVE CONDUCTIVE FOAM PLASTIC. 


MAGNET SENSOR 
4 SEMICONDUCTOR MAGNET SENSOR KNOWN AS A HALL SENSOR. 


' SENSOR SOCKET 


EXTERNAL SENSORS ARE PLUGGED INTO THE SENSOR SOCKET. 


_POTENTIOMETERS 

DOTENTIOMETERS ARE ADJUSTABLE RESISTORS. THREE DIFFERENT RESISTANCE VALUES ARE 
INSTALLED ON YOUR CONSOLE TO PROVIDE DESIGN FLEXIBILITY. EACH INCLUDES A 470-OHM 
PROTECTION RESISTOR BETWEEN THE CENTER TERMINAL AND ITS SPRING. 


BREADBOARD 
YOU WILL BUILD PROJECTS ON THE SOLDERLESS BREADBOARD. IF THE RESISTOR LEADS BEND 
WHEN YOU FIRST INSERT THEM INTO THE NEW BREADBOARD, LOOSEN THE CONTACT HOLES BY 


INSERTING A CONNECTION WIRE ONE OR MORE TIMES. 


TRANSFORMER 

THE TRANSFORMER CONSISTS OF TWO COILS OF WIRE WOUND AROUND A FORM MADE FROM 
THIN PLATES OF IRON. A SIGNAL FLOWING THROUGH ONE COIL IS INDUCED INTO THE SECOND 
COIL. CIRCUITS THAT CANNOT BE CONNECTED DIRECTLY TO THE SPEAKER BECAUSE OF THEIR 
LOW RESISTANCE ARE CONNECTED TO THE SPEAKER THROUGH THE TRANSFORMER. 


SPEAKER 
THE SPEAKER TRANSFORMS A FLUCTUATING CURRENT INTO SOUND. 


THE BUZZER PRODUCES A LOUD TONE AT A FREQUENCY OF ABOUT 2000-2500 HERTZ. 


LED READOUT 


A 10-LED READOUT THAT INDICATES VOLTAGE BY A MOVING DOT (DOT MODE) OR BY THE 
HEIGHT OF A COLUMN OF LEDS (BARGRAPH MODE). 


DISPLAY MODE SWITCH 


SELECTS BETWEEN DOT AND BARGRAPH MODE OF THE LED READOUT. 
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PARTS SUPPLIED_WITH YOUR ELECTRONIC _SENSORS —AB 

> COMPO: 
YOUR ELECTRONIC SENSORS LAB IS SUPPLIED WITH A Cnet hl |. Svea 0 
CIRCUIT SYMBOLS AND DRAWINGS OF EACH KIND OF PART AR aA N. CON FANE 
THE PARTS BY STORING THEM IN THE CONSOLE STORAGE BA rs ANS 
CHOICE. BE SURE TO STORE STATIC-SENSITIVE PARTS (POWER MOS sy Cee a 
INTEGRATED CIRCUITS) IN THE ORIGINAL PACKAGING OR IN ELECTRIC E 
CONTAINERS. NEVER STORE SUCH PARTS IN PLASTIC BAGS. 


SO CM 
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106 Cm 
————_==>+- WHITE (WHT) 

5S Cm | 
your SENSORS LAB HAS A GENEROUS SELECTION OF CONNECTION WIRES. THE WIRES ARE | 
COLOR-CODED SO THEY CAN BE EASILY REFERRED TO IN THE PROJECT INSTRUCTIONS US 
THE ABBREVIATIONS SHOWN HERE. 


BLUE (BLU) 


RESISTORS 
—]_— RESISTORS RESIST THE FLOW OF ELECTRICITY. THIS 
VERY USEFUL FOR REDUCING CURRENT TO LIGHT-EMITTING DIODI 
__NMA_ WHICH CAN BE DAMAGED BY TOO MUCH CURRENT. RESISTORS 


ALSO USED TO DIVIDE A VOLTAGE INTO A SMALLER VOLTAGE. 
RESISTORS ARE USED TO INCREASE THE TIME REQUIRED TO CH. 
CAPACITORS AND CONTROL THE DISCHARGE OF CAPACITORS. TE 
ARE ALSO USED TO CONTROL THE GAIN OF AMPLIFIERS. 


CAPACITORS a 


—ae CAPACITORS STORE AN ELECTRICAL CHARGE. CAPACITORS SMOC 
FLUCTUATING SIGNAL. THEY BLOCk DIRECT (OR CONTINUOUS, 
= CURRENT WHILE PASSING CURRENT PULSES. CAPACITORS IN SERIE 
¢ WITH RESISTORS ARE USED IN CIRCUITS THAT MEASURE TIME © 
oo) GENERATE A SERIES OF PULSES. THEY ARE OFTEN USED WITH 
, RESISTORS. CERAMIC DISK AND ELECTROLYTIC TYPES ARE THE. 


+ iC COMMON, WITH THE LATTER HAVING THE MOST CAPACITY. 


LIGHT-EMITTING DIODE (LEp 


~, 


BIPOLAR TRANSISTOR (NP 


BIPOLAR TRANSISTORS ARE LIKE SWITCHES. CURRENT FLOWING 
BETWEEN THE COLLECTOR (C) AND EMITTER (E) CAN BE SWITCHED ON 
OR OFF BY A CURRENT AT THE BASE (B). TRANSISTORS CAN ALSO 
AMPLIFY BY ALLOWING A TINY, FLUCTUATING SIGNAL AT THE BASE 
TO CONTROL A MUCH LARGER CURRENT. TRANSISTOR PART NUMBERS 
ARE PRINTED ON THEIR FRONT SIDE. VARIOUS OTHER NUMBERS MAY 
ALSO BE PRESENT, SO JUST LOOK FOR THE PART NUMBERS. 


POWER FIELD-EFFECT TRANSISTOR (MOSFET 


METAL-OXIDE-SEMICONDUCTOR (MOS) FIELD-EFFECT TRANSISTORS 
(FETS) ARE EXCELLENT SWITCHES FOR CURRENT FLOWING BET WEEN 
THE SOURCE (S) AND DRAIN (D). THEY HAVE VERY LITTLE 
RESISTANCE WHEN TURNED ON BY A VOLTAGE AT THE GATE (G). 
THIS MEANS THEY CAN CONTROL MUCH MORE CURRENT THAN 
BIPOLAR TRANSISTORS. THEY CAN ALSO BE USED AS AMPLIFIERS. 
IMPORTANT: MOSFETS CAN BE DAMAGED BY STATIC ELECTRICITY. 


INTEGRATED CIRCUITS CCS) 


14131211109 8 
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| COMPASS 
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COMPASS 


AS 


PRESSURE SENSOR 


INTEGRATED CIRCUITS (ICS) ARE MICROSCOPIC ELECTRONIC CIRCUITS 
ETCHED ON A SLIVER OF SILICON CALLED A CHIP’ AND INSTALLED 
IN A PLASTIC, METAL OR CERAMIC PACKAGE WITH EXTERNAL LEADS 
OR PINS. AS SHOWN HERE, ONE END OF AN IC HAS AN INDEX 
MARKER (USUALLY A SMALL CIRCLE OR NOTCH) THAT IDENTIFIES PIN 
l. 


THE COMPASS IS A LIQUID-FILLED CAPSULE CONTAINING A MINIATURE 
MAGNET MOUNTED ON A PIVOT POINT. A CIRCULAR DIAL MARKED 
WITH COMPASS DIRECTIONS IS MOUNTED OVER THE MAGNET. WHEN 
THE COMPASS IS FLAT, THE MAGNET WILL ALIGN ITSELF WITH THE 
MAGNETIC FIELD OF THE EARTH OR A NEARBY MAGNET. 


THE POWERFUL MAGNET SUPPLIED WITH YOUR ELECTRONIC SENSORS 
LAB IS MADE FROM METAL ALLOYS. IT |S INSTALLED IN A HOLDER 
WITH A HOLE FOR A STRING. SLIP ONE END OF THE SUPPLIED 
STRING THROUGH THE HOLE AND TIE IT IN PLACE. THIS WILL 
ALLOW YOU TO SWING THE MAGNET LIKE A PENDULUM. CAUTION: 
THE MAGNET CAN ERASE MAGNETIC COMPUTER DISKS. ALWAYS 
STORE THE MAGNET IN THE PARTS COMPARTMENT. 


A SMALL CYLINDER OF BLACK CONDUCTIVE FOAM PLASTIC ACTS AS 
A PRESSURE SENSOR WHEN INSERTED INTO THE TOUCH SENSOR 
OPENING. GENTLE PRESSURE ON THE FOAM PLASTIC IS EASILY 
DETECTED BY MANY DIFFERENT ELECTRONIC CIRCUITS. THE FLAT 
PIECE OF BLACK CONDUCTIVE FOAM THAT THE ICS ARE SHIPPED 
WITH CAN ALSO ACT AS A PRESSURE SENSOR. 


THE ICS SUPPLIED WITH YOUR SENSORS LAB ARE INS 
INCLINE PACKAGES OR “DIPS.” EACH HAS AN INDEX MARGE Oe wis ee 
CIRCLE OR A NOTCH) NEAR PIN 1. NUMBERS AND A LOGO 0 ante rc One 
ARE PRINTED ON EACH DIP. THE PART eae ia: a arte ' ] ere ait 
A PREFIX (MC, LM, TLS, ETC. So ooo 
AARRRCTEREL "OBR AT THE CHIP AT RIGHT. CAN YOU FIND ag 1234 Som 
NUMBER? IT'S 4011. THE OTHER NUMBERS ARE MANUFACTURING AN ve 
CODES. IF THE NUMBER IS FAINT, SHINE BRIGHT LIGHT ON THE IC. 
MAY NEED TO TILT THE IC TO SEE THE NUMBER. 


snunwes THE 40ll IS A CMOS LOGIC CHIP WITH FOUR INDEPENDENT 
NAND GATES. YOU WILL USE THE 4011 TO MAKE SIMPLE 
OSCILLATORS (FOR BUZZES AND MUSICAL TONES) AND - 

SCY ~~ -PYLSE GENERATORS (FOR FLASHING LEDS). 


4oil 


/ 4011 SPECIFICATIONS 


SUPPLY VOLTAGE RANGE: +3 VOLTS TO +16 VOLTS. 


OUTPUT CURRENT: 10 MILLIAMPERES PER OUTPUT PIN MAXIMUM. 


40ll HANDLING PRECAUTIONS = 


THE 4011 IS A CMOS Ic THAT CAN BE EASILY DAMAGED BY STATIC ELECTRICITY. FOLLOW 
THESE HANDLING PRECAUTIONS WHEN USING THE 4011: 


i. BEFORE HANDLING CMOS CHIPS, GROUND YOURSELF TO DRAIN AWAY ANY STATIC ELECTRICAL 
CHARGE ON YOUR BODY BY TOUCHING A LARGE METAL OBJECT, APPLIANCE OR SCREW ON A 
LIGHT SWITCH PLATE. THIS IS ESPECIALLY IMPORTANT WHEN THE AIR IS DRY. 


>. ALWAYS STORE THE 40l1 IN THE BLACK CONDUCTIVE FOAM IN WHICH I(T WAS SHIPPED. 


3. ALWAYS CONNECT UNUSED 4011 INPUTS TO GROUND OR TO THE POSITIVE SUPPLY VOLTAGE 


555 TIMER (COMBINED ANALOG AND DIGITAL IC a 


ao ue THE 555 (OR NESSS) CAN BE USED AS AN OSCILLATOR OR TO + 

aoc, PROVIDE PRECISE TIMING DELAYS. BOTH OPERATING MODES CAN = 
BE CONTROLLED BY A SINGLE CAPACITOR OR RESISTOR. THE 555 Eh 
CAN POWER A SPEAKER OR LED. THE OUTPUT CAN ACT AS A 


Rie 


By ar 
555 SPECIFICATIONS _ 
SUPPLY VOLTAGE RANGE: +4.5 VOLTS TO 4b VOLTS. ' 


CURRENT SOURCE (OUTPUT DEVICE FROM PIN 
3 TO GROU 
SINK (OUTPUT DEVICE FROM POSITIVE SUPPLY TO PIN 3). ND) OR A 


SUPPLY CURRENT: 3 MILLIAMPERES TYPICAL. 


OUTPUT CURRENT: + OR ~ 200 MILLIAMPERES MAXIMUM 


10 


272. DUAL-OP_AMP 


5 ae THE 272 (OR TLS272) IS A PACKAGE OF TWO PRECISION 
=ooo OPERATIONAL AMPLIFIERS THAT CAN BE POWERED BY A 
BATTERY OR OTHER SINGLE-POLARITY SUPPLY. THE TWO 
ei OP AMPS ARE INSTALLED IN A SINGLE 8-PIN PACKAGE. 
ee THE OUTPUTS OF ALL OP AMPS HAVE A SMALL ERROR 


VOLTAGE CALLED THE OFFSET. THE 272 OFFSET 
VOLTAGE |S 1 MILLIVOLT OR LESS WHEN THE GAIN IS 
1, BOTH OP AMPS HAVE A VERY HIGH INPUT IMPEDANCE. 


272 SPECIFICATIONS 


— 


SUPPLY VOLTAGE RANGE: +3 VOLTS TO +lb VOLTS. 


SUPPLY CURRENT: 1.4 MILLIAMPERES TYPICAL (3.2 MA MAXIMUM). 


OUTPUT CURRENT: + OR - 30 MILLIAMPERES TYPICAL (10 MA MINIMUM) 


MAXIMUM VOLTAGE GAIN: 23,000 TYPICAL (5,000 MINIMUM) AT ROOM TEMPERATURE AND WHEN 
POWERED BY +5 VOLTS. GAIN IS SET BY A FEEDBACK RESISTOR BETWEEN THE OUTPUT AND 
THE INVERTING (-) INPUT. 


326 AUDIO POWER AMPLIFIER 

2765 THE 386 (OR LM38b) IS A LOW VOLTAGE AMPLIFIER DESIGNED 
SPECIFICALLY FOR AUDIO APPLICATIONS. THE GAIN IS 

H Sg INTERNALLY SET TO 20. THE GAIN CAN BE INCREASED TO 
200 BY CONNECTING A 10-UF CAPACITOR ACROSS PINS 1 (+) 

i234 AnD 8 C-). A RESISTOR IN SERIES WTH THE CAPACITOR CAN 
REDUCE THE GAIN TO BETWEEN 20 AND 200. THE 386 IS 
DESIGNED FOR BATTERY OPERATION. IT HAS LOW DISTORTION. 
APPLICATIONS INCLUDE DRIVING SPEAKERS IN RADIOS, INTERCOMS 
AND TAPE PLAYERS. 


386 SPECIFICATIONS 
SUPPLY VOLTAGE RANGE: +4 VOLTS TO +12 VOLTS. 


SUPPLY CURRENT (NO INPUT SIGNAL): “4 MILLIAMPERES TYPICAL (8 MA MAXIMUM). 


OUTPUT POWER: 325 MILLIWATTS TYPICAL (250 MW MINIMUM) WHEN POWERED BY & VOLTS. 


VOLTAGE GAIN: 26 DB (20) TYPICAL. “te DB (200) WITH 10-UF CAPACITOR BETWEEN PINS 1 AND 
8. 


FREQUENCY BANDWIDTH: 500 KHZ (300,000 HZ) TYPICAL. 


TOTAL HARMONIC DISTORTION: 0.2% TYPICAL. 


ll 


YOUR SENSORS LAB IS PROVIDED WITH A COMPASS AND 10 ELECTRONIC SENSORS. SOME OF THE 


OTHER PARTS CAN ALSO BE USED AS SENSORS. SIX SENSORS ARE MOON eee aeNen ee 
CARTRIDGES THAT PLUG INTO THE SENSOR SOCKET ON THE CONSOLE. TH RE 


REFERRED TO AS SENSOR CARDS IN THIS WORKBOOK. 


> 


‘ YOU WILL USE THE COMPASS TO DETECT THE MAGNETIC FIELDS OF 
THE EARTH, THE MAGNET AND MAGNETIZED OBJECTS SUCH AS A 


PAPER CLIP. 


COMPASS 
TROTATION SENSOR 


THE CONSOLE ROTATION SENSOR IS A SMALL ELECTRICAL MOTOR 
THAT ACTS LIkE A GENERATOR WHEN ITS SHAFT IS TURNED. YOU 
WILL USE THE ROTATION SENSOR TO DETECT ROTATION AND THE 
DIRECTION OF ROTATION. ‘ 


= 


TOUCH SENSOR ih 


THE CONSOLE TOUCH SENSOR IS A PAIR OF INTERLEAVED, NON- 
TOUCHING ELECTRODES. YOU WILL BRIDGE THE ELECTRODES WITH 
YOUR FINGER TIP TOACTIVATE VARIOUS CIRCUITS AND PROJECTS. 


MOISTENING YOUR FINGER TIP WILL ENHANCE THE SENSITIVITY OF 
THE SENSOR. 


THE CONSOLE TOUCH SENSOR BECOMES A SENSITIVE PRESSURE 
SENSOR WHEN THE SMALL CYLINDER OF BLACK CONDUCTIVE FOAM 
PLASTIC IS INSERTED IN THE TOUCH SENSOR. YOU WILL APPLY 


GENTLE PRESSURE TO THE PRESSURE SENSOR TO ACTIVATE VARIOUS 
CIRCUITS. + 


> ed 


Tie  SONSOLEMOUNTED MAGNET SENSOR IS A SEMICONDUCTOR 
Near ECT DEVICE. YoU WILL PLACE THE MAGNET NEAR THE 
SENSOR TO ACTIVATE VARIOUS CIRCUITS AND PROJECTS. 


| = THE MAGNET SWITCH IS A NORMALLY-OFF REED SWITCH. YOU WILL PLACE 
| ©. ry THE MAGNET NEAR THE MAGNET SWITCH TO ACTIVATE THE SWITCH AND 
| Ne : CONTROL VARIOUS CIRCUITS AND PROJECTS. 


INDUCTION COIL SENSOR 


- — THE INDUCTION COIL SENSOR RESPONDS TO ELECTROMAGNETIC FIELDS. IT 
( ® CAN BE ATTACHED TO A TELEPHONE RECEIVER USING THE REMOTE LINK 
Sa: AND SUCTION CUP. YOU WILL USE THE SENSOR TO DETECT VARIOUS 

~ ELECTROMAGNETIC SOURCES. 


LERTLEAAE PLES 


PROBE SENSOR 
—— YOU WILL TOUCH THE PROBES OF THIS SENSOR TO VARIOUS MATERIALS, 
= | | AND YOU WILL INSERT THE PROBES IN WATER TO ACTIVATE TONES AND 
: | LEDs. 


YETI ETE 


THERMISTOR SENSOR 
=== THE THERMISTOR SENSOR CONTAINS A TEMPERATURE-SENSITIVE RESISTOR. 
Ay :| YOU WILL USE THE THERMISTOR SENSOR CARD TO ACTIVATE TONES AND 
7 3 LEDS WITH TEMPERATURE CHANGES. 


Le 


PD IS EL LISI LOL ad 


_PHOTORESISTOR SENSOR 


THE PHOTORESISTOR SENSOR CONTAINS A LIGHT-SENSITIVE CADMIUM 

SULFIDE PHOTORESISTOR. YOU WILL USE THE PHOTORESISTOR SENSOR CARD 

TO DETECT VERY LOW LEVELS OF LIGHT AND TO CONTROL TONES AND 
= LEDs. 


PHOTOTRANSISTOR SENSOR 


THE PHOTOTRANSISTOR SENSOR CONTAINS A LIGHT-SENSITIVE SILICON 
PHOTOTRANSISTOR. YOU WILL USE THE PHOTOTRANSISTOR SENSOR CARD 
TO DETECT VERY LOW LEVELS OF LIGHT AND TO CONTROL TONES AND 
LEDs. 


PHOTORESISTOR 


{ 
| 
( | 


THE REMOTE LINK ALLOWS YOU TO USE THE SENSOR CARDS AWAY FROM 
THE CONSOLE. ONE END OF THE LINK IS INSERTED INTO THE SENSOR 
SOCKET. THE SENSOR CARD IS INSERTED INTO THE OTHER END OF THE 
REMOTE LINK. CAUTION: DO NOT REMOVE THE REMOTE LINK BY PULLING ON 
ITS WES. 


OE ; == 


ELECTRICAL CONNECTION TO THE PARTS INSTALLED ON YOUR ELECTRONIC SE SO RS AB 
MADE POSSIBLE BY 29 SPRING TERMINALS. SENSOR CARDS ARE PLUGGED INTO : SI 
SOCKET. LOOSE PARTS ARE INSTALLED ON THE SOLDERLESS BREADBOARD. THE BREA y 
WAS 220 CONNECTION POINTS. TEN OF THESE POINTS ARE ALONG THE TOP SIDE OF TI 
RREADBOARD. THEY EACH PROVIDE 9 VOLTS WHEN THE POWER SWITCH IS PUSHED ON. 7 
ADDITIONAL POINTS ALONG THE BOTTOM OF THE BREADBOARD ARE CONNECTED TO TH 
NEGATIVE (-) SIDE OF THE BATTERY (GROUND). YOU WILL INSERT CONNECTION WIRES AND 
THE LEADS AND PINS OF ELECTRONIC COMPONENTS INTO THE CONNECTION POINTS. "HE 
BREADBOARD IS PERFECT FOR SIMPLE PROJECTS USING ONLY A FEW PARTS. AND IT {Ss 
ESPECIALLY USEFUL FOR MORE COMPLICATED PROJECTS THAT USE INTEGRATED CIRCUITS. 


HOW THE BREADBOARD IS ORGANIZED ij 


+ ©8000 | eeoee INSERT POSITIVE (+9 VOLT) POWER CONNECTION WIRES IN / 
4 @@@08 | @@O0®@ A OF THE 10 HOLES ALONG THE UPPER SIDE OF THE B READ 


@ | 
@OO0@| | ©0008 8B 
S00080| | O0000 BOARD. 


® 
® 
® 
® 


ec 

@ oD 

+ | 

@cG 
cesses | THE MAIN SECTION OF THE BREADBOARD HASHAIO 
eeeee |. ee. CONNECTION POINTS. 
SOO08 M 

ao 

ee 


©0208; S008 <j 
©0e)  O0008 F INSERT GROUND CONNECTION WIRES IN ANY OF THE 10 HOLL! 
800| | eoeee 1 ALONG THE BOTTOM SIDE OF THE BREADBOARD. POWER IS 
go LE) Nn 
= ecooe 4 _____ DELIVERED TO THE BREADBOARD ONLY WHEN THE PO 
i i a 


SWITCH IS PUSHED TO ON. 
THE SLOT THROUGH THE CENTER OF THE 
BREADBOARD DIVIDES THE CONNECTION POINTS 
ON THE LEFT FROM THOSE ON THE RIGHT. 


HOW THE BREADBOARD COORDINATE SYSTEM WORKS at 
EACH OF THE 200 CONNECTION POINTS IN THE CENTRAL PORTION OF THE BREADBOARD 
BETWEEN +9V AND GROUND IS IDENTIFIED BY A COORDINATE SYSTEM BASED ON THE ROM 
COLUMN LABELS. ROWS ARE INDICATED BY LETTERS (A-T) AND COLUMNS BY NUMBERS (1-10) 
THE ARROWS BELOW SHOW THE LOCATION OF CONNECTION POINT K3. r 


COLUMN 3 _ 
THE PROJECTS IN THIS MANUAL WILL Ask YOU TO 


: : 
1@@ | ©8008 — $$ CONNECT ONE OR MORE CONNECTION WIRES, TO a 


@ 
@ 


A @@ oe eeee | Hit HT CAN USE ANY OF THE =N H ILE 
c ee) ee)| © OP OF THE BREADBOARD. 

E ©@) = 
F ee THE FIVE HOLES ON ONE SIDE OF THE BREADBOA\ 
| eo SLOT ARE CONNECTED TOGETHER. THUS ALL FIV 

k 60cm ee ROW k HOLES IN THE ROW Al-A5 ARE CONNECTED | 
i 99e6)| GoGee AND THE FIVE HOLES IN ROW Ab-Al0 ARE CONNEC 
2 Seee0|| Seeee TOGETHER. BUT THE HOLES IN Al-AS AND Ab-A! 

f See sees SEPARATED BY THE SLOT AND ARE NOT CONNECTE 
o oo0ee oooee TOGETHER. — 

| geese @eeee 


USE ANY OF THE 10 CONNECTION POINTS ALONG T: 
BOTTOM OF THE BOARD FOR GROUND. —_ 


*" 


HOW TO ASSEMBLE CIRCUITS 


ELECTRICAL CONNECTION TO THE PARTS INSTALLED ON YOUR ELECTRONIC SENSORS LAB JS 
MADE POSSIBLE BY 29 SPRING TERMINALS. YOU WILL INSERT THE LOOSE PARTS PROVIDED WITH 
YOUR SENSORS LAB INTO THE SOLDERLESS BREADBOARD. YOU WILL USE CONNECTION WIRES TO 
CONNECT THE SPRINGS TO THE PARTS YOU INSTALL ON THE BREADBOARD. 


INSERTING CONNECTION WIRES INTO THE SPRINGS 


TO INSERT A CONNECTION WIRE INTO A SPRING, BEND 
THE SPRING SIDEWAYS AND INSERT THE EXPOSED METAL 
PORTION OF THE WIRE INTO AN OPEN SLOT NEAR THE 
BOTTOM OF THE SPRING. BE SURE THAT ONLY THE BARE = 
METAL ENTERS THE SPRING. THEN ALLOW THE SPRING } 

TO RETURN TO ITS NORMAL POSITION. BE SURE TO KEEP 
THE INSULATED PORTION OF THE WIRE OUTSIDE THE SPRING. 
REMOVE CONNECTION WIRES BY BENDING THE SPRING AWAY 
FROM THE WIRE. THEN PULL THE WiRE FREE. 


Hf 


YoU CAN INSERT SEVERAL WIRES INTO A SPRING TERMINAL. FOR BEST RESULTS INSERT WIRES 
ON OPPOSITE SIDES OF THE TERMINAL. BE SURE TO INSERT NEW WIRES AT DIFFERENT LEVELS 


WITHIN THE SPRING 


HOW TO INSERT PARTS AND WIRES INTO THE BREADBOARD | 


+ @@@02@ 1 ©8000 


SLOT 


INSERT A WIRE INTO A CONNECTION POINT BY 
PUSHING UNTIL IT STOPS. DO THE SAME WITH 
PARTS HAVING WIRE LEADS. PARTS WITH THICK 
LEADS OR PINS, SUCH AS THE TRANSISTOR 
SHOWN HERE, REQUIRE MORE FORCE. ALIGN THE 
PINS WITH THE PROPER HOLES AND THEN PRESS 
DOWN FIRMLY ON THE PART. REMOVE PARTS AND 
WIRES BY CAREFULLY PULLING THEM STRAIGHT UP. 
PRY ICS UP FROM ONE END AND THEN THE OTHER. 
IF A COMPONENT LEAD DOES NOT SLIP INTO A 
CONNECTION POINT, INSERT AND REMOVE A CONNECTION 
WIRE TO OPEN THE CONNECTION. 


AMNMDOVOZSErFAC—-IONNVOWD yd 


INTEGRATED CIRCUITS (ICS) MUST BE INSTALLED ACROSS THE SLOT IN THE SOLDERLESS 


BREADBOARD. THE 


ICS SUPPLIED WITH YOUR SENSORS LAB HAVE TWO PARALLEL ROWS OF 


PINS. EACH ROW SHOULD BE INSERTED INTO THE CONNECTION POINTS ALONG OPPOSITE SIDES 


OF THE SLOT. USE 


CARE TO AVOID BENDING PINS. CAUTION: IC PINS ARE SHARP/ 


INSTALL AN IC BY LINING UP THE PINS ON ONE SIDE WITH THE CORRECT 
CONNECTION HOLES ALONG THE EDGE OF THE SLOT. REST THE OPPOSITE 
SIDE OF THE IC OVER THE PROPER HOLES ON THE OPPOSITE SIDE OF THE 


LEE) SLOT AND PRESS DOWN ON THE TOP OF THE IC, IF THE IC IS NEW, THE 


PINS ARE SPREAD SLIGHTLY OUTWARD. PRESS THE TIP OF A BALLPOINT 

PEN NEXT TO THE PIN FARTHEST AWAY FROM YOU. PUSH THE PEN TOWARD 
THE ROW OF CONNECTION HOLES WHILE PULLING IT ALONG THE ROW OF 
PINS. AT THE SAME TIME, PRESS DOWN ON THE JIC. WHEN THE PEN 
REACHES THE LAST PIN, THE IC SLIPS INTO THE CONNECTION POINTS AND 
RESTS FLAT AGAINST THE BREADBOARD., 
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MORE ABOUT ASSEMBLY METHODS — 
ALWAYS PUSH THE POWER SWITCH TO OFF BEFORE YOU ASSEMBLE A Nea BE 
INSTALL PARTS IN THE PROPER HOLES. A MISTAKE MIGHT ZAP A COMPONEN é 
APPLY POWER. AN INCORRECTLY INSTALLED PART MAY NOT BE DAMAGED, BU 

WILL PROBABLY NOT WORK PROPERLY UNTIL THE ERROR IS CORRECTED. 


THESE TWO RESISTORS ARE INSTALLED CORRECTL 


sang BE SURE TO KEEP THE LEADS OF PARTS FROM TOUCHING ONE 
ee WHEN THEY ARE INSTALLED ON THE SOLDERLESS BREADBOARD. 
| [s24: | RESISTORS ARE INSERTED INTO THE BREADBOARD VERTICALLY. 
MSS) ARE SEPARATED FROM ONE ANOTHER AND DO NOT TOUCH. 


= 


THESE TWO RESISTORS ARE INSTALLED INCORRECTLY _j 


THESE TWO RESISTORS ARE INSTALLED IMPROPERLY. THE ONE ON T 


: sedi, LEFT IS PUSHED DOWN AND ONE OF ITS LEADS IS TOUCHING THE LE 
OP") THE ADJACENT RESISTOR. THE CIRCUIT THEY ARE INSTALLED IN Wik 


arte WORK PROPERLY--IF |T WORKS AT ALL. 


WHAT S RIGHT ABOUT THIS SAMPLE SOLDERLESS BREADBOARD CIRCUE 
THIS RESISTOR IS INSTALLED ACROSS THE SLOT 
IN THE BREADBOARD, WHICH MEANS EACH LEAD 
GOES TO A SEPARATE CONNECTION ROW. OK. 


| THIS LED IS INSTALLED 
ACROSS SEPARATE 
CONNECTION ROWS. ONE 
ROW GOES TO A RESISTOR 
THAT LIMITS CURRENT TO 
THE LED. THE OTHER ROW 
GOES TO PIN 3 OF THE 
INTEGRATED CIRCUIT. GOOD. 


THIS INTEGRATED CIRCUIT 
INSTALLED ACROSS THE SLC 
BREADBOARD. THIS MEANS EACH 
ITS PINS IS INSERTED INTO At 
INDEPENDENT CONNECTION ROW 
OF THE PINS ON THE Ic Et 
CONNECTION HOLE AND NONE | 
UNDER THE Ic PACKAGE. CO 


|— 4uxpvozEr rf - 
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WHAT S WRONG WITH THIS SOLDERLESS BREADBOARD CIRCUIT ¢ 


BOTH LEADS OF THIS LED ARE INSTALLED IN THE SAME 
CONNECTION ROW, THE LED WILL NOT work. 


[BOTH ENDS OF THIS WRE ARE | [+s ee | a 
CONNECTED TO ROWS THAT ARE] | $ii:::/[t{ bs Tha INTEGRATED CIRCUIT IS INCOR 
NOT CONNECTED TO A PART. > .4x::| BAY 5 | ALLED ACROSS THE SLOT 


“> 
co 
o- 
ee 
cw 
Neg 


Fat IV At BREADBOARD. THE Ic PINS DO NO 
(BOTH LEADS OF THIS | ith ARATE SEPARATE CONNECTION ROWS. AN 
RESISTOR ARE IN THE SAME rere ee ON EACH SIDE OF THE IC Al 
“CONNECTION ROW. THE RESISTOR ::/fzrypeerset 7] UNDER THE Ic. THE IC MUST Be 
| WILL NOT WORK. INSTALLED WITH ITS LONG SIDE F 


WITH THE SLOT. 


ELECTRONIC CIRCUIT SYMBOLS AND DIAGRAMS 


oN PAGES 8-9, VARIOUS SYMBOLS ARE SHOWN ALONGSIDE SOME OF THE THE COMPONENTS 
THEY REPRESENT. THOSE AND ADDITIONAL CIRCUIT. SYMBOLS ARE SHOWN HERE. ON PAGE 16 
WE WILL USE SOME OF THESE SYMBOLS TO REPRESENT A CIRCUIT THAT FLASHES A LED. 


SCHEMATIC OR CIRCUIT DIAGRAM SYMBOLS 
4+V ia 
| mae) 
CONNECTED UNCONNECTED POSITIVE (+) GROUND RESISTOR 
WIRES WIRES VOLTAGE CONNECTION 
CONNECTION 
i | =e en 
NPN 
POTENT .IOMETER CERAMIC ELECTROLYTIC LIGHT-EMIT TING NPN BIPOLAR 
CAPACITOR CAPACITOR DIODE (LED) TRANSISTOR 
Ss 
8.°57,-6G4S 
5 SS 
: e 
1234 
D 
POWER MOSFET INTEGRATED TRANSFORMER MAGNE TIC PIEZOELECTRIC 
TRANSISTOR CIRCUIT SPEAKER BUZZER 
i. 
+ 
c a 
CONSOLE ROTATION CONSOLE TOUCH) CONSOLE MAGNET MAGNET SWITCH MAGNET 
SENSOR SENSOR i SENSOR SENSOR CARD 
PHOTO- 
INDUCTION COIL PROBE SENSOR THERMISTOR PHOTORESISTOR TRANSISTOR 
SENSOR CARD CARD SENSOR CARD SENSOR CARD SENSOR CARD 
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PICTORIAL VIEW_OF A TOUCH=SENSITIVE LED_r -ASH 
THE ILLUSTRATION BELOW IS A PICTORIAL WIEW OF A CIRCUIT ae eae a 
CIRCUIT TO SEND PULSES OF CURRENT TO A LIGHT-EMITTING DIODE. on eee Ne 
VERY CLEAR. BUT THEY ARE NOT PRACTICAL FOR COMPLICATED CIRCUITS. CIK aM me 
OR SCHEMATICS IN WHICH ELECTRONIC PARTS ARE REPRESENTED BY SYMBOLS ARE MUC 


COMMONLY USED. 


NEAR THE 
LED FLAT 
SPOT MUST 


CAPACITOR C1 CONTROLS 
TIMING AND DURATION 
OF THE FLASHES. 


TWO DRAWINGS IS THAT IN THE CIRCUIT DIAGRAM THE PINS OF THE 555 IC AR sH( 
In THE SAME ARRANGEMENT THEY HAVE ON THE ACTUAL IC. THIS SHORTCUT PROVIDES 
SIMPLER WAY OF REPRESENTING THE CIRCUIT. 

+9y + Qy BY) 


TOUCH SENSOR Ri 
—i)_— 400 K 
R1-100k (BRN-BLK-YEL) 


=A) 


C1-0.1 UF 


COMPARE THE TWO CIRCUITS BY CHECKING To | Rwy 
EACH 555 PIN. START AT PIN 1, (PIN 5 IS Reais: Ti ser ats 

MISTAKES WHEN YOU BUILD CIRCUITS ON YOUR SENSOR LAB'S BREADBOARD. THE RE 
ARE MARKED WITH A CODE OF COLORED BANDS (YEL = YELLOW, WO = MOLET, BRM 
AND BLK = BLACK). THE INSIDE FRONT COVER EXPLAINS HOW TO INTERPRET THIS C 
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BUILD AN LED FLASHER THAT RESPONDS TO TOUCH 

NOW YOU ARE READY TO BUILD THE TOUCH-SENSITIVE LED FLASHER ON PAGE 18. BUILDING 
THIS CIRCUIT WILL GIVE YOU THE EXPERIENCE YOU WILL NEED TO ASSEMBLE THE PROJECTS 
DESCRIBED IN THIS MANUAL. TIP: CIRCUIT BUILDING GOES MUCH FASTER WHEN YOU 

FIRST COLLECT ALL THE PARTS YOU WILL NEED. ALSO, BE SURE TO REMOVE ALL UNUSED 
PARTS AND WIRES FROM THE BREADBOARD BEFORE BEGINNING. 


PARTS YOU WILL NEED 
aoe i ened =)> 


SS5s 
r : R1-100k (BRN-BLK-YEL) C1-0.1 UF (104) RED OR GREEN LED 
en R2-470 (YEL-VIO-BRN) 


CIRCUIT DIAGRAM 


+Qy +Q9y +9y 


NOTE THAT THIS CIRCUIT WILL 
FLASH EITHER A RED OR A GREEN LED. 


C1 
Shur | 
1. BUILD THE CIRCUIT 
1. & PUSH POWER AND DISPLAY MODE SWITCHES OFF. 7. O CONNECT J3 TO GROUND (WHT). 
2. CO INSERT THE 555 ACROSS SLOT (PIN 1 A 205): 8. O CONNECT J10 TO +9V (WHT). 
3. O INSERT R12 ACROSS k10 AND L1O. 9. O CONNECT kK4 TO L7? (WHT). 
4. [1 INSERT R2 ACROSS G3 AND +9V. 10. CO CONNECT M4 TO J7 (WHT). 
5. O INSERT C1 ACROSS Ji AND KI. ll. O CONNECT SPRING 5 TO +9V (RED). 
_O INSERT LED ACROSS G1 (ANODE) AND 12. C1 CONNECT SPRING & TO Kk? (RED). 


L1 (CATHODE). 


o 


CHECK YOUR WIRING FOR ERRORS. BE SURE THE 555 IC AND THE LED ARE INSTALLED IN THE 
CORRECT DIRECTION. WHEN YOU ARE SURE EVERYTHING IS CORRECT, PUSH THE POWER SWITCH 
ON. PRESS THE TOUCH SENSOR, AND THE LED BEGINS TO FLASH. THE FLASH RATE 
INCREASES AS YOU PRESS HARDER. PROBLEM? SEE PAGES 20 AND 22 FOR HELP. 


3. GOING FURTHER 

THIS CIRCUIT WILL ALSO RESPOND TO LIGHT. PUSH THE POWER SWITCH OFF. FIND THE 
SENSOR CARD MARKED 'PHOTORESISTOR AND INSERT IT INTO THE SENSOR SOCKET. MOVE 
THE RED WIRE AT SPRING 5 TO SPRING 1. MOVE THE RED WIRE AT SPRING & TO SPRING 2, 
PLACE THE CONSOLE IN A DARKENED ROOM AND PUSH THE POWER SWITCH ON. THE LED 
FLASHES. IF THE LED GLOWS STEADILY, SHIELD IT FROM LIGHT, SLIGHTLY INCREASING THE 
LIGHT AT THE PHOTORESISTOR INCREASES THE FLASH RATE. 
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D NOW BE WORKING. WHETHER IT Is 


VE BUILT SHOUL 
THE CIRCUIT ON PAGE 19 THAT YOU HA © SEE WHAT YOU DID RIGHT OR 


OR NOT, COMPARE YOUR CIRCUIT WITH THE ONE BELOW T 
WHAT YOU DID WRONG. 

FINDING AND CORRECTING ERRORS IN ELECTRONIC CIRCUITS IS CALLED TROUBLESHOOTING. — 
TROUBLESHOOTING IS COVERED ON PAGE 22. YOU WILL GET A GOOD IDEA OF WHAT IS 
INVOLVED IN TROUBLESHOOTING YOUR ELECTRONIC SENSORS LAB PROJECTS BY COMPARING 
YOUR CIRCUIT WITH THE ILLUSTRATION BELOW. 


THE CIRCUIT =| 
DIAGRAM SHOWS | 
THREE LEADS 
GOING TO +9 
VOLTS. THEY 
ARE SHOWN 
HERE. ALL 10 
HOLES IN THE 
TOP ROW PROVIDE 
+97 VOLTS. 


555 IC PIN 1 (USUALLY MARKED 
AS SHOWN) MUST BE 
INSTALLED AT HOLE JS. ICS 
MUST BE INSTALLED OVER 
THE SLOT. 


ITS NOT OK FOR 
THE BARE WIRES 
OF PARTS TO 
TOUCH ANY 
OTHER BARE WIRE 


THIS CIRCUIT WILL 
WORK WITH A RED 
OR GREEN LED. 


THESE ROW 
LETTERS AND 
THE COLUMN 
NUMBERS ALONG 
THE BOTTOM OF 
THE BREADBOARD 
ARE USED TO 
IDENTIFY SPECIFIC 
HOLES ON THE 
BREADBOARD. TH 
ARROW AT LEFT 
POINTS TO 
POSITION R8. 


°©oc 808 80 


(=) 
RP 


0 0) @50m6. 0 0:50) 0 6 


oo 


Y 


52 


r 
m 


TT S Ok FOR THIS BARE LED WIRE 
TO TOUCH THE ADJACENT 
INSULATED CONNECTION WIRE 
GOING TO SPRING 6. 


APDOVOFErF ACR TA TMIGOW>Y 


ec ree 0 oO 8g 68 
° 


IE {NAD VOD 


FoR BEST RESULTS, 
KEEP THE AREA AROUND 


YOUR CIRCUITS FREE OF 
UNUSED PARTS. 


PUSH THE POWER 
SWITCH OFF. 


LEAD. THE LEADS OF 
THE LED MUST BE 
INSTALLED CORRECTLY. 


CORRECT CONNECTION 
POINTS. THEIR 
INSULATED PORTIONS 


TO PROTECT YOUR SENSORS LAB, AND FOR BEST RESULTS, ALWAYS SWITCH THE P 
TO OFF BEFORE BUILDING OR MODIFYING A CIRCUIT, AFTER YOU BUILD A CIRCUIT eee y 
CHECK FOR ERRORS BEFORE SWITCHING THE POWER BACK ON, 
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GETTING STARTED: REVIEW WHAT YOU HAVE LEARNED 


YOU CAN BUILD THE CIRCUITS IN THIS MANUAL IN ORDER OR RANDOMLY. SO YOU CAN QUICKLY 
LEARN HOW THE PROJECTS ARE PRESENTED, BEGIN WITH THE 555 LED FLASHER ON PAGE 19. 
THE EXPLANATIONS BELOW SHOW HOW THIS AND MOST OTHER PROJECT PAGES IN THIS MANUAL 
ARE ORGANIZED. WHILE DETAILED ASSEMBLY INSTRUCTIONS ARE PROVIDED WITH EACH PROJECT, 
EVENTUALLY YOU WILL BE ABLE TO BUILD THE CIRCUITS STRAIGHT FROM THE CIRCUIT DIAGRAMS. 


TIP: BE SURE TO COLLECT ALL THE PARTS BEFORE STARTING A CIRCUIT. 


ACH PROJECT PAGE HAS A TITLE BAR THAT 
DESCRIBES THE PROJECT. A BRIEF INTRODUCTION 
BELOW THE TITLE BAR EXPLAINS WHAT YOU WILL 
DO AND LEARN. | 


BUILD 


PARTS YOU WILL D_FLASHER RES 
eet NOW YOU ARE READY TO BUILD THE TOUCH-SENSITIVE LED FLASHER ON PAGE 18. BUILDING 
NEED LISTS ALL THIS CIRCUIT WILL GIVE YOU THE EXPERIENCE YOU WILL NEED TO ASSEMBLE THE PROJECTS 


see DESCRIBED IN THIS MANUAL. TIP; CIRCUIT BUILDING GOES MUCH FASTER WHEN YOU 
DARTS EXCEPT on COLLECT ALL THE PARTS YOU WILL NEED. ALSO, BE SURE TO REMOVE ALL UNUSED 
a ARTS AND WIRES FROM THE BREADBOARD BEFORE BEGINNING. 
ES AND THOSE sey 
6765S 


: EE 
| ON THE CONSOLE. mas) 


== 

R1-100k (BRN-BLK-YEL) C1-0.1 UF (104) 
R2-470 (YEL-VIO-BRN) 

DIAGRAM 


bh SSS 
coo RED OR GREEN LED 


1234 
CIRCUIT 


NOTE THAT THIS CIRCUIT WILL 
FLASH EITHER A RED OR A GREEN LED. 


| BUILD THE CIRCUIT al 
GIVES STEP-By- 


| INSTRUCTIONS. ae 


| FIRST STEP Is 
ALWAYS THE 

| SAME: 

SWITCH OFF THE 
POWER. EVENTUALL 
| YOU WILL BE ABLE 
TO BUILD THE 
CIRCUITS BY 
FOLLOWING THE 
CIRCUIT DIAGRAM. 


BUILD THE CIRCUIT 

1 PUSH POWER AND DISPLAY MODE SWITCHES OFF. 7. 
1 INSERT THE 555 ACROSS SLOT (PIN 1 AT J5). 8. 
= 


CONNECT J3 TO GROUND (WHT). 
CONNECT J10 TO +9V (WHT). 
CONNECT k4 TO L? (WHT). 


INSERT R1 ACROSS k10 AND L10. 9. 
[INSERT 2 ACROSS G2 AND +4V. CONNECT M4 TO J7 (WHT). 
5. ) INSERT C1 ACROSS Ji AND Kl. ll. CONNECT SPRING 5 TO +9V (RED). 
&. OC INSERT LED ACROSS G1 (ANODE) AND - 0 CONNECT SPRING & TO k2 (RED). 
L1 (CATHODE). 
2. TEST THE CIRCUIT 
CHECK YOUR WIRING FOR ERRORS. BE SURE THE 555 IC AND THE LED ARE INSTALLED IN THE 
CORRECT DIRECTION. WHEN YOU ARE SURE EVERYTHING IS CORRECT, PUSH THE POWER SWITCH 
ON. PRESS THE TOUCH SENSOR, AND THE LED BEGINS TO FLASH. THE FLASH RATE 
INCREASES AS YOU PRESS HARDER. PROBLEM? SEE PAGES 20 AND 22 FOR HELP. 


1. 
a 
2. 
5; 
4, 


3. GOING FURTHER 
THIS CIRCUIT WILL ALSO RESPOND TO LIGHT, PUSH THE POWER SWITCH OFF. FIND THE SEN 


SOR CARD MARKED "PHOTORESISTOR AND INSERT IT INTO THE SENSOR SOCKET. MOVE THE 
RED WIRE AT SPRING 5 TO SPRING 1, MOVE THE RED WiRE AT SPRING & TO SPRING 2. PLACE 


THE CONSOLE IN A DARKENED ROOM AND PUSH THE POWER SWITCH ON. THE LED FLASHES. IF 
THE LED GLOWS STEADILY, SHIELD JT FROM LIGHT. SLIGHTLY INCREASING THE LIGHT AT 
THE PHOTORESISTOR INCREASES THE FLASH RATE. 

f 9 


A \/ 


CONNECTION WIRES 
ARE ABBREVIATED 
TO SAVE SPACE: 


a Ss N DA N 
THE PROJECTS IN THIS MANUAL. WHEN YOU BUILD 
A PROJECT, YOU MIGHT WANT TO WRITE IN THE 


f\ 


WHT = WHITE MARGINS ANY IDEAS AND TIPS THAT YOU WILL 
RED = RED WANT TO REMEMBER SHOULD YOU REVISIT THE 
= BLUE PROJECT AT A LATER DATE. BE SURE TO CHECK 
= YELLOW EACH STEP WHEN YOU BUILD THE CIRCUIT. 


"CIRCUIT DIAGRAM 
TS A SCHEMATIC 

DIAGRAM OF THE 
CIRCUIT YOU WILL 
BUILD. 


PARTS THAT 
MUST BE 
INSTALLED IN A 
SPECIFIC DIRECTION 
ARE ILLUSTRATED. 


TEST THE 
CIRCUIT © REMINDS 
YOU TO REVIEW 
YOUR WIRING FOR 
ERRORS BEFORE 
PUSHING THE 
POWER SWITCH 
ON. 


SPACE, “GOING 
FURTHER’ DESCRIBE 


WAYS TO MODIFY 
THE CIRCUIT. 


TROUBLESHOOTING PROBLEM CIRCUITS —— 
YOUR CIRCUITS SHOULD WORK THE FiRST TIME YOU PUSH THE POWER SWITCH Oh 
FOLLOW THE STEP-BY-STEP INSTRUCTIONS, USE THE CORRECT PARTS, AND DON | BECO 
RUSHED. BUT SOMETIMES A CIRCUIT WILL NOT WORK PROPERLY. WHILE THIS CAN BE 


ERUSTRATING, IT'S A ROUTINE PART OF EXPERIMENTING WITH ELECTRONIC CIRCUITS. HER 
How TO TROUBLESHOOT A PROBLEM CIRCUIT: 


1. PUSH THE POWER SWITCH TO THE OFF POSITION. 


>. BE SURE A 9-VOLT BATTERY (IS INSTALLED IN THE CONSOLE. CHECK TO MAKE SURE IT 
INSTALLED PROPERLY AND THAT IT IS FRESH. 


3. BE SURE THAT EXPOSED WIRE LEADS DO NOT TOUCH ONE ANOTHER. 


4 THE WIRE CONNECTION LEADS CAN SOMETIMES WORK LOOSE. BE SURE ALL THE LEADS | 
FULLY INSERTED INTO THE BREADBOARD HOLES. 


5s. CHECK TO MAKE SURE YOU DIDNT LEAVE OUT A PART OR WIRE. (THIS WON'T HAPPEN 1 
You) COLLECT ALL THE PARTS BEFORE YOU BUILD THE CIRCUIT.) 

=. MAKE SURE YOU INSTALLED THE CORRECT PARTS. DOUBLE CHECK PART NUMBERS AND 
RESISTOR COLOR CODES (RED CAN LOOK LIKE ORANGE). IF THE NUMBERS ON TRANSISTORS AND 
SARE HARD TO READ, HOLD THE PART UNDER A BRIGHT LIGHT. 


at 


, ELECTROLYTIC CAPACITORS, LEDS, TRANSISTORS AND INTEGRATED CIRCUITS MUST BE 


INSTALLED WITH THE LEADS OR PINS IN A SPECIFIC DIRECTION. BE SURE NONE OF THES = 
PARTS ARE INSTALLED BACKWARDS. 


3. ALL UNUSED INPUTS (NOT OUTPUTS) OF THE 4011 MUST BE CONNECTED TO GROUND OR THE 
POSITIVE POWER SUPPLY (+ VOLTAGE). A CIRCUIT MAY WORK IF YOU DONT BO THIS. BUT 
SNCONNECTED INPUTS ACT LIKE TINY ANTENNAS THAT CAN SWITCH LOGIC CHIPS OFF AND 


ON. THIS CAN CAUSE ERRATIC OPERATION AND EXCESSIVE CURRENT DRAIN. a 


6. FREQUENTLY USED MECHANICAL PARTS, LIKE THE CONSOLE SWITCHES AND 
POTENTIOMETERS, TEND TO FAIL BEFORE COMPONENTS WITHOUT MOVING PARTS. IF A CIRCUIT 
DOESN'T RESPOND WHEN YOU TURN THE KNOB OF A POTENTIOMETER, TRY BYPASSING THE — 
POTENTIOMETER WITH TWO RESISTORS. | 


0. IF YOU TOOK SHORTCUTS OR MADE CHANGES TO A CIRCUIT, TRY REBUILDING THE cirRcur 
EXACTLY AS SHOWN IN THE CIRCUIT DIAGRAM. MAKE CHANGES TO PROJECTS ONLY AFTER THE ~ 
CIRCUIT 1S WORKING. 


u. IF THE CIRCUIT STILL FAILS TO WORK, CHECK THE CONNECTIONS OF EACH PIN OR LEAD 
AGAINST THE CIRCUIT DIAGRAM. IF THE CIRCUIT USES AN Ic, CHECK THE CONNECTIONS TO 
EACH PIN. BEGIN AT PIN 1 AND WORK AROUND THE CHIP PIN BY PIN. YOU WILL QUICKLY FIND 
MISSING OR INCORRECTLY INSTALLED WIRES AND PARTS. 


1. SOMETIMES YOU CAN FIX A CIRCUIT FASTER BY REBUILDING IT THAN BY TRYING TO FIND A 
WIRING ERROR. AS A LAST RESORT, REMOVE ALL THE WIRES AND PARTS. MAKE SURE ALL THE 
PARTS ARE THE CORRECT ONES AND START OVER. IF THE CIRCUIT STILL FAILS, A PART MAY 
BE BAD. TRY USING A SUSPECT TRANSISTOR OR Ic IN A DIFFERENT CIRCUIT. IF THAT CIRCUIT 
FAILS TO WORK, THE TRANSISTOR OR IC MAY BE BAD. Ct 
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MORE ABOUT SENSORS 


THE CONSOLE OF YOUR ELECTRONIC SENSORS LAB HAS THREE SENSORS FOR DETECTING ROTA 


TION, TOUCH AND MAGNETISM. ADDING A SMALL CYLINDER OF CONDUCTIVE FOAM PLASTIC 
CONVERTS THE TOUCH SENSOR TO A PRESSURE SENSOR. 


YOUR SENSORS LAB COMES WITH SIX PLUG-IN SENSOR CARDS. ONE CARD IS A PROBE FOR 

DETECTING RESISTANCE CHANGES CAUSED BY WATER AND EVEN YOUR SKIN. THERE ARE TWO 
CARDS FOR DETECTING LIGHT AND ONE FOR DETECTING TEMPERATURE. THERE IS A CARD FOR 
DETECTING ELECTROMAGNETIC FIELDS AND A MAGNET SWITCH CARD. THE COMPASS PROVIDED 


WITH YOUR SENSORS LAB IS ALSO A SENSOR. SO YOUR SENSORS LAB HAS A TOTAL OF il 
SENSORS. 


ACTUALLY THERE ARE MORE SENSORS THAN THESE. BEFORE MOVING ON TO THE PROJECTS, 


LET S LOOK AT HOW MANY OF THE PARTS PROVIDED WITH YOUR SENSORS LAB CAN DOUBLE AS 
SENSORS. 


POTENTIOMETER SENSOR: THE CONSOLE OF YOUR SENSORS LAB HAS THREE POTENTIOMETERS. 
THESE VARIABLE RESISTORS HAVE MANY USES AS SENSORS. HANG A ROD WITH A WEIGHT 
ON ONE END FROM THE SHAFT OF A POTENTIOMETER AND YOU HAVE A SENSOR THAT 
CHANGES \TS RESISTANCE IN RESPONSE TO ACCELERATION OR DECELERATION. IF YOU MAKE 
THE ROD LONG ENOUGH, THE POTENTIOMETER BECOMES A SEISMOMETER THAT WILL CHANGE 
RESISTANCE WHEN THE EARTH MOVES DURING AN EARTHQUAKE. POTENTIOMETERS ARE ALSO 
VERY USEFUL POSITION AND ROTATION SENSORS. 


SPEAKER SENSOR: THE SPEAKER ON YOUR CONSOLE CAN ALSO FUNCTION AS A SENSOR. 
NORMALLY A SPEAKER EMITS SOUND. A SPEAKER WILL ALSO GENERATE A SMALL VOLTAGE IN 
RESPONSE TO SOUND. 


LED READOUT SENSOR: THE LED READOUT DOUBLES AS A VERY SENSITIVE RESISTANCE 
SENSOR. YOU CAN SEE HOW BY PUSHING THE POWER SWITCH TO ON AND THE DISPLAY MODE 
SWITCH TO DOT. NOW BRIDGE YOUR INDEX FINGER ACROSS SPRINGS 19 AND 20 WHILE 
WATCHING THE LED READOUT. THE MOVING DOT WILL MOVE DOWN WHEN YOU PRESS YOUR 
FINGER ON THE TWO SPRINGS. PRESS A BIT HARDER, AND THE MOVING DOT WILL MOVE DOWN 
MORE. THE LED READOUT IS ALSO AN EFFECTIVE VOLTAGE SENSOR. TRY THIS EXPERIMENT: 


1 PUSH THE POWER SWITCH TO OFF. 3. C1 CONNECT SPRING 15 TO GROUND (RED). 
2. C1 CONNECT SPRING 13 TO +9V (BLU). 4. [1 CONNECT SPRINGS 14 AND 19 (RED). 


ROTATE THE KNOB OF THE 100K POTENTIOMETER ALL THE WAY TO THE RIGHT. THEN 
ROTATE THE 100k POTENTIOMETER TO THE LEFT WHILE WATCHING THE LED READOUT. 
EVENTUALLY A MOVING LED WILL TRACK THE MOVEMENT OF THE POTENTIOMETER KNOB. SINCE 
THE CENTER SPRING OF THE POTENTIOMETER IS PROVIDING A VARIABLE VOLTAGE TO THE 
READOUT WHEN YOU TURN THE KNOB, THIS EXPERIMENT SHOWS HOW THE READOUT ACTS LIKE 
A VOLTAGE SENSOR. THIS ALSO SHOWS HOW THE POTENTIOMETER ACTS LIKE A POSITION 
SENSOR. 


TRANSISTOR, LED AND SWITCH SENSORS: THE NPN TRANSISTOR PROVIDED WITH YOUR SENSORS 
LAB CAN BE USED AS A TEMPERATURE SENSOR, THE RED AND GREEN LEDS CAN BE USED AS 
SENSORS THAT DETECT RED AND GREEN LIGHT. EVEN THE POWER SWITCH CAN BE 
CONSIDERED A SIMPLE POSITION SENSOR. 


AS YOU CAN SEE, MANY DIFFERENT ELECTRONIC PARTS CAN DOUBLE AS SENSORS. 
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A MAGNET, AND 
CT THE MAGNETIC FIELD OF EARTH AND AND 
See i ROAtE [Ek bIOE ites USING THE COMPASS TO VERIFY IT IS MAGNETIZED. 


MAGNETIZE THE WIRE LEAD OF AN LE | 
PARTS YOU WEL NEED YOU WILL NEED A 
S RED OR GREEN LED 


COMPASS 


1. DETECT THE EARTHS MAGNETIC FIELD : 
PLACE THE COMPASS ON A FLAT SURFACE AWAY FROM METAL OBJECTS. THE N (NORTH) 
POINTER OF THE COMPASS POINTS TOWARD THE EARTH S MAGNETIC NORTH POLE. THE 
MAGNETIC NORTH POLE IS LOCATED IN NORTH CANADA, NOT AT THE GEOGRAPHIC NORTH 
DOLE. THE ANGULAR DIFFERENCE BETWEEN TRUE NORTH AND MAGNETIC NORTH JS CALLED 
LINATION. DEPENDING ON YOUR LOCATION, DECLINATION CAN RANGE FROM A FRACTION OF A 
-REE TO MORE THAN 20 DEGREES. TOPOGRAPHIC MAPS USUALLY INCLUDE A DIAGRAM THAT 
WS BOTH TRUE NORTH AND MAGNETIC NORTH FOR THE REGION COVERED BY THE MAP. 


A COMPASS POINTER OR NEEDLE IS A MINIATURE MAGNET. SINCE THE NORTH POLE OF A 
MAGNET ATTRACTS ONLY THE SOUTH POLE OF ANOTHER MAGNET, HOW CAN THE NORTH 
PoLE OF A COMPASS BE ATTRACTED TO EARTH ‘’S MAGNETIC NORTH POLE? IT |S MORE 
CORRECT TO SAY THE END OF THE COMPASS POINTER THAT POINTS NORTH IS ACTUALLY THE 
NORTH SEEKING END OF THE COMPASS. BY CUSTOM, THE END OF A MAGNET THAT 
ATTRACTS THE NORTH POLE OF A COMPASS IS DEFINED AS THE MAGNET S SOUTH POLE. 


(9. DETECT A MAGNET S MAGNETIC FIELD 
DLACE THE MAGNET ON ITS RIM ON A FLAT SURFACE. PLACE THE COMPASS ON THE SAME 
<iJREACE ABOUT 7 CM (ABOUT 2.75 INCHES) FROM THE MAGNET S SOUTH POLE. THE NORTH 
POLE OF THE COMPASS POINTS TOWARD THE SOUTH POLE OF THE MAGNET. MOVE THE 
COMPASS IN A CIRCLE WTH THE MAGNET AT ITS CENTER. WHEN THE COMPASS IS ALIGNED 
WITH THE EDGES OF THE MAGNET, IT POINTS EITHER EAST OR WEST. WHEN THE COMPASS 
IS NEAREST THE NORTH POLE OF THE MAGNET, THE SOUTH POLE OF THE COMPASS POINTS 
TOWARD THE MAGNET. BE SURE TO KEEP THE MAGNET FROM TOUCHING THE COMPASS. THIS 
MAY CAUSE THE NORTH AND SOUTH POLES OF THE COMPASS TO BECOME REVERSED. IF THIS 
OCCURS, TRY PLACING THE COMPASS ON TOP OF THE SOUTH SIDE OF THE MAGNET TO 
REMAGNETIZE THE COMPASS POINTER IN THE PROPER DIRECTION. 


z. MAGNETIZE THE WIRE LEADS OF A LED 

HOLD THE LED'S WIRE LEADS NEAR THE COMPASS, THE COMPASS POINTER SHOULD NOT BE 
DEFLECTED. RUB THE EXPOSED SURFACE OF THE MAGNET (NORTH POLE) AGAINST THE 

TWO LED LEADS 20 TIMES. RUB FROM THE DIRECTION OF THE EPOXY PACKAGE THAT HOLDS 
THE LED TO THE END OF THE WIRE LEAD. RUB 20 TIMES IN THIS DIRECTION AND ALONG 
THE FULL LENGTH OF THE LEAD. HOLD THE ENDS OF THE TWO LEADS NEAR THE COMPASS. 
THEY ATTRACT THE SOUTH END OF THE COMPASS POINTER. REPEAT THIS PROCEDURE 
RIBBING THE OPPOSITE SIDE OF THE MAGNET (SOUTH POLE) AGAINST THE LED LEADS. NOW 
WHEN YOU HOLD THE LEAD ENDS NEAR THE COMPASS, THEY ATTRACT THE NORTH END OF 
THE COMPASS POINTER. THIS PROCESS IS COMPLETELY REVERSIBLE. PROVE THIS BY AGAIN 
STROKING THE SOUTH POLE OF THE MAGNET AGAINST THE WIRE LEADS. THIS EXPERIME 
WORKS WITH MANY DIFFERENT STEEL OBJECTS, IF YOU RUB A PAPER CLIP FROM THE NT 
TO ONE END, ONLY THAT HALF OF THE PAPER CLIP IS MAGNETIZED, THAT END OF CENTER 
PAPER CLIP ATTRACTS THE COMPASS POINTER, BUT THE OPPOSITE END MAY NOT a 


YU 
VP ALAR, 
GS & (2 
s 7 
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USE A COMPASS TO DETECT AN ELECTROMAGNETIC FIELD 


YoU WILL MAKE A SIMPLE COIL. YOU WILL PLACE A PAPER CLIP I 

NSIDE THE COIL, THEN 
DISCHARGE A CAPACITOR THROUGH THE COIL. THE RAPID SURGE OF CURRENT THROUGH THE 
COIL CREATES AN ELECTROMAGNETIC FIELD THAT MAGNETIZES THE STEEL PAPER CLIP INSIDE 
THE COIL. THE PAPER CLIP THEN ATTRACTS THE POINTER OF A NEARBY COMPASS. THIS 


PROVES THAT THE PAPER CLIP HAS BEEN MAGNETIZED BY THE FL T 
THROUGH THE COIL. OW OF ELECTRICAL CURREN 


0 () F 1) 
Sv RI-IK (BRN-BLK-RED) C1-470 UF PAPER CLIP 
-onenee YELLOW WIRE 
CIRC! 1. MAKE THE COIL 
40%) ebnnee WIND A YELLOW CONNECTION WIRE AROUND A 
rm PENCIL. THE COIL WILL HAVE AROUND 8 
TURNS. BEND THE EXPOSED WIRES AT EACH 
Rd END OF THE COIL SO THEY ARE IN LINE AND 
SS Sate PROJECT OUTWARD FROM THE COIL. 
| Ly» 
a == == COMPASS 


2. BUILD THE CIRCUIT 

i. J PUSH POWER AND DISPLAY SWITCHES OFF. 5. 11 CONNECT KI TO +9V (RED). 

2. CJ INSERT C1 ACROSS RI (+) AND GROUND (-). 6. 11 CONNECT SPRING 6 TO Qi (RED). 
3. C1 INSERT R1 ACROSS K2 AND R2. 7. O INSERT JUMPER WIRE AT R3 (RED). 
4 


. GF INSERT THE COIL ACROSS Q5 AND GROUND. 


3. TEST THE CIRCUIT 

BE SURE THAT C1 IS INSTALLED IN THE PROPER DIRECTION. THEN SLIDE THE PAPER CLIP INSIDE 
THE COIL, AND PLACE THE COMPASS NEAR THE END OF THE PAPER CLIP. PUSH THE POWER 
SWITCH ON. TOUCH THE FREE END OF THE JUMPER WIRE TO SPRING &. THE COMPASS POINTER 
WILL IMMEDIATELY RESPOND TO THE MAGNETIC FIELD THAT HAS BEEN GENERATED. 


REMOVE THE PAPER CLIP FROM THE COIL AND HOLD ONE END NEAR THE COMPASS. THE NORTH 
OR SOUTH POINTER OF THE COMPASS WILL BE ATTRACTED TO THE PAPER CLIP. REVERSE THE 
POSITION OF THE PAPER CLIP, AND THE OPPOSITE POLE OF THE COMPASS WILL BE ATTRACTED. 


4. GOING FURTHER 

MARK THE END OF THE PAPER CLIP THAT ATTRACTS THE SOUTH POLE OF THE COMPASS. 
THIS IS THE NORTH POLE OF THE PAPER CLIP. NOW INSERT THE PAPER CLIP BACK INSIDE THE 
COIL AND REPEAT THE ABOVE EXPERIMENT. WHICH POLE OF THE COMPASS NOW POINTS TO 
THE MARKED END OF THE PAPER CLIP? REVERSE THE POSITION OF THE PAPER CLIP AND REPEAT 
THE EXPERIMENT. YOU WILL FIND THAT THE MAGNETIC POLARITY OF THE PAPER CLIP CAN BE 
EASILY REVERSED USING THE COIL. 


YOU WILL USE THE MAGNET TO SWITCH ON USE THE MAGNET TO CAUSE THE BUZZER 


AN LED. To EMIT A TONE THAT DIFFERS FROM NORMAL. 

PARTS YOU WILL NEED PARTS YOU WILL NEED 

ey —i_— 
mee) ra i R1-100 (BRN-BLK-BRN) 


ay — 


RED OR GREEN LED 
CIRCUIT DIAGRAM CIRCUIT DIAGRAM 


sean / +Qy 


u is MAGNET SWITCH 
21 
sai MAGNET BUu22ER 
h 
FLAT 22 
\ Nae 
—>- 


1. BUILD THE CIRCUIT 


1. BUILD THE CIRCUIT 
1. O PUSH POWER AND DISPLAY SWITCHES 1. O PUSH THE POWER AND DISPLAY 
OFF. SWITCHES OFF. 


2. C1 INSERT MAGNET SWITCH CARD. 

3. CO INSERT R1 ACROSS SPRING 2 AND H1O. 

4. C1 INSERT LED ACROSS He (ANODE) AND 
Jt (CATHODE). 

5. O CONNECT J10 TO GROUND (WHT). 

6. 1 CONNECT SPRING 1 TO +9V (WHT). 


2. TEST THE CIRCUIT 

CHECK FOR ERRORS. PUSH THE POWER 
SWITCH UP, AND THE LED WILL BE OFF. 
PLACE THE MAGNET NEAR THE MAGNET 
SWITCH CARD, AND THE LED WILL GLow. 
SWING THE MAGNET PAST THE MAGNET 
SWITCH CARD LIKE A PENDULUM TO FLASH 
THE LED ON AND OFF. 


. O INSERT MAGNET SWITCH CARD. 

CO INSERT R1 ACROSS Cé AND +9V. 

CO) CONNECT SPRING 1 TO +9V (WHT). 

- O CONNECT SPRING 2 TO C8 (WHT). 

- C1 CONNECT SPRING 21 TO C10 (RED). 

- O CONNECT SPRING 22 TO GROUND (BLU). 


Nou Lrnwn 


CHECK FOR ERRORS. PUSH THE POWER SWITCH 
UP, AND THE BUZZER WILL SOUND. PLACE 
THE MAGNET NEAR THE MAGNET SWITCH 
CARD, AND THE BUZZER'S TONE WILL 
CHANGE DISTINCTLY. SWING THE MAGNET 
PAST THE MAGNET SWITCH CARD LIkE A 
PENDULUM FOR NEAT EFFECTs. 


USE A MAGNET TO SWITCH] [USE A MAGNET TO SWITCH 
AN LED OFF THE BUZZER OFF 

YoU WiLL USE THE MAGNET TO SWITCH YOU WILL USE THE MAGNET TO SILENCE THE 
AN LED OFF. BUZZER. 


PARTS YOU WILL NEED PARTS YOU WILL NEED 
=F 
| | | R1-470 (YEL-ViO-BRN) 


+ (s) 
RED OR GREEN LED \—/ 


CIRCUIT DIAGRAM 


R1-150 (BRN-GRN-BRN) 


+V eae 


ke MAGNET SwiTCH 
MAGNET 
~ MAGNET = == 
. BUILD THE CIRCUIT 1, BUILD. THE GIREDM 
1. O PUSH POWER AND DISPLAY SWITCHES . O PUSH POWER AND DISPLAY SWITCHES OFF. 
OFF. . O INSERT MAGNET SWITCH CARD. 


1 
2 

1 INSERT MAGNET SWITCH CARD. 3. C1 INSERT R1 ACROSS C3 AND +9V. 

_ OJ INSERT R1 ACROSS H5 AND +9V. 4. [1 CONNECT SPRING 1 TO C1 (WHT). 

5 

b 

7 


CW NH 


_ © INSERT LED ACROSS H3 (ANODE) . O CONNECT SPRING 2 TO GROUND (BLU). 
AND L3 (CATHODE). . O CONNECT SPRING 21 TO CS (RED). 


5S. ( CONNECT L5 TO GROUND (WHT). - C1. CONNECT SPRING 22 TO GROUND (BLU). 
. C1 CONNECT SPRING 1 TO Hi (RED). 
7. 1 CONNECT SPRING 2 TO GROUND 

(BLU). 
<ST THE Cip 
CHECK FOR ERRORS. PUSH THE POWER CHECk FOR ERRORS. PUSH THE POWER SWITCH 
SWITCH UP, AND THE LED WiLL GLOW. UP, AND THE BUZZER WILL SOUND. PLACE 
PLACE THE MAGNET NEAR THE MAGNET THE MAGNET NEAR THE MAGNET SWITCH 
SWITCH CARD, AND THE LED WILL SWITCH CARD, AND THE BUZZER WILL STOP. SWING 
OFF. SWING THE MAGNET BACK AND THE MAGNET BACK AND FORTH BY THE MAG 
FORTH BY THE MAGNET SWITCH CARD NET SWITCH CARD, AND THE BUZZER WILL 
LIKE A PENDULUM, AND THE LED WILL EMIT A SERIES OF PULSES. 


FLASH OFF AND ON. 
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RED-GREEN MAGNET DETECT Ok = 
YOU WILL BUILD A MAGNET DETECTOR CIRCUIT. IF A MAGNET IS NEAR THE MAGNET SWITCH 
CARD, THE RED LED GLOWS. OTHERWISE, THE GREEN LED GLOWS. 


hn S cas te <= => 


"ie ee A ee Pe 
| Rl, R4, R5-Ik (BRN-BLK-RED) RED LED 
Pease. ba a R2, R3-10K (BRN-BLK-ORG) GREEN LED 


+ QV +9) + Fy +9V 


LED 


f 


. BUILD THE CIRCUIT 


1 
1. 1 PUSH POWER AND DISPLAY SWITCHES OFF. 
2 


9. CLINSERT RED LED ACROSS T1 
_ © INSERT MAGNET SWITCH CARD IN THE ROSS T1 (ANODE) 


AND GROUND (CATHODE). 


SENSOR SOCKET. 10. OO INSERT GREEN LED ACROSS Hi 
3S. Oj INSERT 272 Ic ACROSS SLOT (PIN iI AT 15): (ANODE) AND Jl (CATHODE). 
4. [1 INSERT R1 ACROSS L2 AND M2. ll. O CONNECT M4 TO GROUND (WHT). 
Ss. O INSERT R2 ACROSS kK4 AND J7. 12. CO CONNECT J10 TO +9V (WHT). 
= zucte R3 iets “e he He 13. C1 CONNECT SPRING 1 TO +9V (WHT). 
7. OO INSERT R4 +V. 14. CO CONNECT SPRING 2 TO L4 
8. CO INSERT R5 ACROSS J3 AND TS. = 


CHECK THAT THE CIRCUIT IS BUILT CORRECTLY. SPREAD THE RESISTOR LEADS AND GREEN LED 
OUTWARD SO THEY DO NOT TOUCH. PUSH THE POWER SWITCH ON AND THE GREEN LED 
GLOWS. PLACE THE MAGNET NEAR THE MAGNET SWITCH CARD. THE GREEN LED DIMS AND 
THE RED LED GLOWS. LISTEN WHEN YOU PLACE THE MAGNET NEAR THE MAGNET SWITCH 
CARD. A METALLIC CLICK SOUNDS EACH TIME THE SWITCH RESPONDS TO THE MAGNET. 


REVISE THE CIRCUIT SO THAT THE GREEN LED IS OFF WHEN THE RED LED IS GLOWING. 
1. (J PUSH POWER AND DISPLAY SWITCHES OFF. 3, & MOVE RED WIRE AT L4 TO NS. 


9. (1 REMOVE THE RED LED. 4, O INSERT RED LED ACROSS N&4 (ANODE) 


AND L4 (CATHODE). . 
MAKE SURE NONE ier BEADS ARE TOUCHING, PUSH THE POWER arirar ON. PLACE THE 
MAGNET NEAR TH SWITCH CARD AND THE RED LED G ; =p) 
TS OFF WHEN THE RED LED iS GLOWING, +OWS. NOTE THE GReaNias 
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BUILD A FERROUS METAL DETECTOR 

You WILL BUILD A SIMPLE CIRCUIT THAT INDICATES WHEN A FERROUS METAL (STEEL OR 
TRON) IS PLACED BETWEEN THE MAGNET AND THE MAGNET SWITCH. NORMALLY A RED LED 
GLOWS. WHEN FERROUS METAL IS PRESENT THE LED SWITCHES OFF. 


PARTS YOU WILL_NEED 
ce —i— a) 


R1-470 (YEL-VIO-BRN) RED LED 


circuit DIAGRAM 1. BUILD THE CIRCUIT 


7 paskes at 1. O PUSH POWER AND DISPLAY SWITCHES OFF. 
2. CO INSERT MAGNET SWITCH CARD IN THE 


ae nee SENSOR SOCKET. 
= aa 3, CL INSERT RI ACROSS P10 AND TiO. 
| ' 4. C1 INSERT LED ACROSS Té (ANODE) AND 
~ pane GROUND (CATHODE). 
NS 5. C1 CONNECT SPRING 1 TO +9V (WHT). 


MAGNET SWITCH 6. CE CONNECT SPRING 2 TO Pé (RED). 


“MAGNET 


2. TEST THE CIRCUIT 

~SECK YOUR WIRING FOR ERRORS, THEN PUSH THE POWER SWITCH ON. PLACE THE MAGNET 
SEAR THE MAGNET SWITCH CARD. THE LED GLOWS. FIND A PIECE OF STEEL OR IRON SUCH 
AS SCISSORS, TWEEZERS, OR A STEEL RULER. HOLD THE MAGNET SO THAT THE LED GLOWS, 
THEN PLACE THE STEEL OBJECT BETWEEN THE MAGNET AND THE MAGNET SWITCH CARD. 
THE LED STOPS GLOWING IF THE OBJECT IS STEEL. THIS TEST CAN BE A LITTLE TRICKY, 
BECAUSE THE MAGNET WANTS TO JUMP TOWARD THE STEEL OBJECT. HOLD BOTH THE MAG- 
NET AND THE STEEL OBJECT FIRMLY IN PLACE TO AVOID THIS FROM HAPPENING. FOR BEST 
QESULTS, EXPERIMENT WITH THE MAGNET LOCATION. YOU MIGHT FIND THAT THE MAGNET 
WITCH RESPONDS BETTER WHEN THE MAGNET IS LOCATED SLIGHTLY TO ONE SIDE RATHER 
THAN DIRECTLY IN FRONT OR IN BACK OF THE MAGNET SWITCH. YOU CAN ALSO USE THE 


REMOTE LINK TO MOVE THE MAGNET SWITCH TO A DIFFERENT LOCATION. 


REPEAT THIS TEST USING VARIOUS NON-FERROUS MATERIALS, SUCH AS ALUMINUM FOIL, A 
WOOD OR PLASTIC RULER, AND FABRICS. THE LED STAYS ON WHEN ALL THESE MATERIALS ARE 
PLACED BETWEEN THE MAGNET AND THE MAGNET SWITCH CARD, THESE TESTS ARE EASY TO 
DO SINCE THE MAGNET IS NOT ATTRACTED TO NON-FERROUS OBJECTS. 


THIS PROJECT CAN BE USED TO MAKE A VERY SENSITIVE MOVEMENT OR VIBRATION DETECTOR. 
A STEEL RULER MAKES A GOOD FERROUS OBJECT. MOUNT THE RULER ON A FIXED OBJECT, 
AND PLACE THE CONSOLE SO THAT THE RULER FACES THE FRONT OR BACK SIDE OF THE 
MAGNET SWITCH CARD. HOLD THE MAGNET FIRMLY IN PLACE, AND ADJUST THE CONSOLE SO 
THAT THE RULER COMES BETWEEN THE MAGNET SWITCH AND THE MAGNET. CAREFULLY MOVE 
THE CONSOLE SO THAT THE LED SWITCHES OFF. NOW A SLIGHT MOVEMENT OF THE RULER 


OR THE CONSOLE CAUSES THE LED TO GLOW. 
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BUILD A BUZZER 


VIBRATION DETECTOR - 
YOU WILL USE THE MAGNET AND THE YOU WILL USE THE MAGNET AND THE MAGNE 
MAGNET SWITCH TO ACTIVATE THE BUZZER SWITCH TO ACTIVATE AN LED IN RESPONSE To 
IN RESPONSE TO VIBRATION. VIBRATION. 


PARTS YOU WILL NEED 
=a 


: RED LED 


CIRCUIT DIAGRAM SIAGRA 


1!) 


fe R1-470 (YEL-VIO-BRN) € 


= STRING 


{ MAGNET SWITCH 


t MAGNET SwItcH 
MAGNET 


MAGNET 21 


BUZZER 


1. BUILD THE CIRCUIT 
1. 1 PUSH POWER AND DISPLAY SWITCHES OFF. 1 
2. (| INSERT MAGNET SWITCH CARD IN THE 2 


1. BUILD THE CIRCUIT 


- O PUSH POWER AND DISPLAY SWITCHES OFF. 
- O INSERT MAGNET SWITCH CARD IN THE 


SENSOR SOCKET. SENSOR SOCKET. 
3. C1 CONNECT SPRING 1 TO +9V (WHT). 3. O INSERT R1 ACROSS P10 AND TiO. 
4. [1 CONNECT SPRINGS 2 AND 21 (WHT). 4. [ INSERT LED ACROSS Te (ANODE) AND 
5. [J CONNECT SPRING 22 TO GROUND (BLU). GROUND (CATHODE). 


5. C) CONNECT SPRING 1 TO +9V (WHT). 
6. C1 CONNECT SPRING 2 TO Pé (RED). 


CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. PLACE THE CONSOLE 

i) 
BOOKSHELF OR OTHER STEADY PLACE WHERE YOU CAN HANG THE MAGNET. TIE oR Se 
END OF THE MAGNET STRING TO THE OBJECT AND MOVE THE CONSOLE SO THAT THE 
MAGNET IS NEAR THE MAGNET CARD. WHEN THE BUZZER SOUNDS OR THE LED GLOWS 
MOVE THE CONSOLE JUST FAR ENOUGH WAY To SWITCH IT OFF. THE BUZZER WILL NOW 
OUND OR TH WHEN THE SLIGHTEST 
THE CONSOLE TO MOVE. BRATION CAUSES THE MAGNET OR 


use A MAGNET TO BUILD A PENDULUM METRONOM 

YoU WILL CONNECT THE MAGNET SWITCH CARD BETWEEN A SIMPLE 555 OSCILLATOR AND 

THE POWER SUPPLY (+9 VOLTS). YOU WILL THEN SWITCH THE OSCILLATOR ON AND OFF BY 
SWINGING THE MAGNET PAST THE MAGNET SWITCH CARD TO FORM A PENDULUM METRONOME. 


PARTS YOU WILL NEED 


J)) sos =f mareAliE 9 
E | auebeee , 
=. R2-10K (BRN-BLK-ORG) 

— 5 £224 3-270 (RED-VIO-BRN) C1-0.1 UF (04) ae 


+ 4y 


~<— STRING 


THE MAGNET IS STRONGLY 


ATTRACTED TO THE STEEL 
PRINGS ON THE CONSOLE. 


YOU WILL NEED TO AVOID 
THE SPRINGS WHEN YOU vai 
SPKR 


Wh 


SWING THE MAGNET. 


MAGNET SWITCH 


MA GRET ali 0.1 aF 


1. BUILD THE CIRCUIT 
= PUSH THE POWER AND DISPLAY SWITCHES OFF. 7. C] CONNECT R4 TO S? (WHT). 
INSERT MAGNET SWITCH CARD IN THE SENSOR 8. C] CONNECT T4 TO Q7 (WHT). 


Nm 


SOCKET. 9. O CONNECT Q10 TO Aé (RED). 
3. DO INSERT 555 IC ACROSS SLOT (PIN 1 AT Q5). 10. O CONNECT SPRING 1 TO +9V (WHT). 
4. [1 INSERT R2 ACROSS R10 AND S10. 11. CO CONNECT SPRING 2 TO A®& (RED). 
5. [& INSERT R3 ACROSS SPRING 23 AND AIO. 12. C CONNECT SPRING 13 TO R7 (RED). 
5. CO INSERT C1 ACROSS Q1 AND Rl. 13. C CONNECT SPRING 14 TO TS (RED). 
4. 1 CONNECT Q3 TO GROUND (WHT). 14. O CONNECT SPRING 24 TO S4 (RED). 


(2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. HOLD THE MAGNET NEAR THE MAGNET SWITCH CARD AND 
PUSH THE POWER SWITCH ON. YOU HEAR A TONE. WHILE HOLDING THE MAGNET IN PLACE, 
ADJUST 100K CONSOLE POT R1 FOR THE BEST SOUND. WHEN YOU MOVE THE MAGNET AWAY 
FROM THE MAGNET SWITCH CARD, THE TONE CEASES. THE SOUND RETURNS WHEN YOU PLACE 
THE MAGNET BY THE MAGNET SWITCH CARD. HOLD THE MAGNET BY ITS STRING AND SWING 
IT BACK AND FORTH PAST THE MAGNET SWITCH CARD. EACH TIME THE MAGNET PASSES THE 
CARD, THE MAGNET SWITCH IS ACTIVATED AND YOU HEAR A TONE. A SIMILAR EFFECT OCCURS 
WHEN YOU SWING THE MAGNET TOWARD AND AWAY FROM THE MAGNET SWITCH CARD. 


3. GOING FURTHER 

YOU CAN CONVERT THE ON-OFF OPERATION OF THIS CIRCUIT INTO A “TWEE-DELL EFFECT. 
WHEN THE MAGNET IS AWAY, THE FIRST TONE SOUNDS. WHEN THE MAGNET IS NEAR THE 
SWITCH CARD, YOU HEAR THE SECOND TONE. YOU NEED R4, A 100K RESISTOR (BRN-BLK-YEL). 
1. PUSH POWER AND DISPLAY SWITCHES OFF. 3. C1 INSERT R4 ACROSS J& AND R8. 


2. C MOVE RED WIRE AT A& TO SIO. 4. CONNECT AS aren , 
REPEAT THE PENDULUM EXPERIMENTS DESCRIBED ABOVE. +9 (WHT) 


HOW TO USE THE ROTATION SENSOR ~— oa SENSO v 


THE CONSOLE OF YOUR EL te 
THE ROTATION SENSOR MOUNTED ON A KNOB 1S CONNECTED TO THE MOTOR S 


SMALL DC (DIRECT CURRENT) ELECTRIC MOTOR. . 
SHAFT. THE MOTOR WLLL PRODUCE ELECTRICITY WHEN YOU MANUALLY SPIN ITS SHAFT. 


THEREFORE, A DC MOTOR CAN DOUBLE AS A SMALL ELECTRICAL GENERATOR. ie 
POLARITY OF THE VOLTAGE AT SPRING 3 IS POSITIVE WHEN THE SHAFT IS SPUN be 
RIGHT (CLOCKWISE), THE MOTOR CAN SENSE ROTATION. PAGES 35-35 HAVE SOME NEA 
APPLICATIONS FOR THE ROTATION SENSOR. FIRST, TRY THESE BASIC CIRCUITS. 


BUILD AN AUDIO OUTFU 


ROTATION SENSOR a 
THIS SIMPLE CIRCUIT EMITS CLICKS WHEN THE = THIS SIMPLE CIRCUIT FLASHES A GREEN LED 
ROTATION SENSOR SHAFT IS SPUN. WHEN THE ROTATION SENSOR SHAFT IS 


SPUN. 
CIRCUIT DIAGRAM | 


ROTATION SPKR 
SENSOR ROTATION LED 28 
SENSOR 
iin 
ee 
Oe 


BUILD THE CIRCUIT 


ri. BUILD THE CIRCUIT 1. 

1D CONNECT SPRINGS 3 AND 23 (BLU). 1. DO CONNECT SPRINGS 3 AND 25 (BLU). 
>. 1 CONNECT SPRINGS 4 AND 24 (BLU). 2. C1 CONNECT SPRINGS 4 AND 26 (BLL). 

3. O INSERT LED ANODE AT SPRING 28. 

4, (1 INSERT LED CATHODE AT SPRING 27. 
PLACE YOUR EAR NEAR THE SPEAKER WHILE DIM THE ROOM LIGHTS AT YOUR CONSOLE 
CPINNING THE ROTATION SENSOR KNOB WITH = AND SPIN THE ROTATION SENSOR. THE LED 
YoUR INDEX FINGER. YOU WILL HEAR A WILL FLASH WHEN YOU SPIN THE SENSOR TO 
SERIES OF CLICKS WHEN THE SENSOR IS THE LEFT (COUNTER-CLOCKWISE). 
ROTATED IN EITHER DIRECTION. THE TRANSFORMER Tl IS USED TO BOOST THE 
ROTATION SENSOR PRODUCES A POSITIVE TINY VOLTAGE FROM THE SENSOR TO A 


VOLTAGE AT SPRING 3 WHEN THE SENSOR IS LEVEL THAT WILL DRIVE THE LED. 
SPN TO THE RIGHT. A NEGATIVE VOLTAGE 

is PRODUCED WHEN THE SENSOR IS SPUN TO 

THE LEFT. THE CLICKING SOUNDS ARE THE 

SAME FOR BOTH DIRECTIONS. 
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BUILD A DIRECTION OF ROTATION SENSOR 

TS A ROBOT TURNING LEFT OR RIGHT? IS A CONVEYOR BELT MOVING IN THE RIGHT DIRECTION 
OR BACKWARDS? THIS CIRCUIT SHOWS A VERY SIMPLE WAY TO FIND OUT. USE THE ROTATION 
SENSOR TO BUILD A CIRCUIT THAT LIGHTS A RED LED WHEN THE SENSOR JS ROTATED IN ONE 
DIRECTION AND A GREEN LED WHEN THE SENSOR IS ROTATED IN THE OPPOSITE DIRECTION. 


PARTS YOU WILL NEED 


arcs 

ono —1)— m= 4 om, 
mo ae R1-10K (BRN-BLK-ORG) 1 RED LED 
coo R2=100 (BRN-BLK-BRN) 1 GREEN LED 
i234 R3, R4=1K (BRN-BLK-RED) 


“CIRCUIT _DIAGRAM 


+ Qy +9V 


1K 
RED 
LED 
~ LED 
ROTATION 
SENSOR h 
R4 FLAT 
1k \ “a 
GREEN 
LE — 


1. BUILD THE CIRCUIT 
1. O PUSH POWER AND DISPLAY SWITCHES OFF. 7. O INSERT RED LED ACROSS I2 (ANODE) 


2. O INSERT 272 IC ACROSS SLOT (PIN 1 AT AND J2 (CATHODE). 
T5). 8. C1 INSERT GREEN LED ACROSS T2 (ANODE) 
3. O INSERT R1 ACROSS A4 AND 4. AND GROUND (CATHODE). 
4. O INSERT R2 ACROSS Ji AND KI. 9. C1 CONNECT Ml TO GROUND (WHT). 
5. O INSERT R3 ACROSS IJ AND +9V 10. O CONNECT J10 TO +9V (WHT). 
6. O INSERT B4 ACROES INE IANINIMIE! 11, C1 CONNECT SPRING 3 TO AS (RED). 


12, C1 CONNECT SPRING 4 TO LI (RED). 


2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. BE SURE THE RED LED LEADS AND FOUR RESISTORS DO NOT 
TOUCH. PUSH THE POWER SWITCH ON. BOTH LEDS GLOW. TURN THE ROTATION SENSOR KNOB 
COUNTER-CLOCKWISE. THE GREEN LED GLOWS, AND THE RED LED FLICKERS. TURN THE KNOB 
FASTER. THE GREEN LED GLOWS AND THE RED LED SWITCHES OFF. ROTATE THE SENSOR 
(NOR CLOCKWISE. THE RED LED GLOWS, AND THE GREEN LED STAYS OFF, INDICATING WHEN 
THE SENSOR IS BEING ROTATED IN THE PROPER DIRECTION. OTHERWISE BOTH LEDS GLOW. 


5. GOING FURTHER 
{00 CAN GWITCH THE LEDS SO RED INDICATES THE SENSOR KNOB IS BEING ROTATED IN THE 


p GE THE DIRECTION FROM CLOCKWISE TO COUNTER-CLOCKWISE BY 

SMT eit Ne AT SPRINGS 3 AND 4, YOU CAN CAUSE THE LEDS TO FADE IN 
(GRADUALLY TURN ON) AFTER THE ROTATION SENsoR IS NOT ROTATED. INSERT A 0.2 UF (104) 
CAPACITOR ACROSS A3 AND +9 VOLTS. ROTATE TH | ROTATION SENSOR TO THE LEFT AND 
THE GREEN LED GLOWS. STOP THE ROTATION a HE RED LED GRADUALLY GLOWS. ROTATE 
THE SENSOR TO THE RIGHT AND THE RED L WS. STOP THE ROTATION AND THE GREEN 


LED GRADUALLY GLOWS. : 


BARGRAPH DIRECTION OF ROTATION INDICATOR 
THE ROTATION SENSOR PRODUCES A POSITIVE VOLTAGE WHEN ROTATED CLOCKWISE)AND 
E, YOU WILL CONNECT THE BARGRA\ 


NEGATIVE VOLTAGE WHEN ROTATED COUNTER-CLOCKWIS aN 
READOUT TO THE 272 OPERATIONAL AMPLIFIER TO INDICATE THE DIRECTION OF ROTATION. 


PARTS YOU WILL NEED 


a?7vecs yy) 

‘Mla al alll 

al a Oe R1-100 (BRN-BLK-BRN) 

——s R3-1K (BRN-BLK-RED) 

ee R4-10K (BRN-BLK-ORG) 
CIRCUIT DIAGRAM 


+9V + 9V 


ROTATION 
SENSOR 


i. BUILD THE CIRCUIT 
C1 PUSH POWER AND DISPLAY SWITCHES OFF. 8. CE CONNECT SPRING 3 TO AS (RED). 
O INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 9. O CONNECT SPRING 4 TO GROUND (BLU). 


| 


2 
3 


CO INSERT R21 ACROSS A3 AND LS. 10. (& CONNECT SPRING 13 TO +9V (BLU). 
4. [J INSERT R3 ACROSS K4 AND GROUND. 11. O CONNECT SPRING 14 TO LI (RED). 
_ 1 INSERT R4 ACROSS J1 AND Kl. 12. O CONNECT SPRING 15 TO GROUND (RED). 
© CONNECT M1 TO GROUND (WHT). 13. C CONNECT SPRING 19 TO J4 (RED). 


5 
6 
7. [1 CONNECT J10 TO +9V (WHT). 
PUSH THE POWER SWITCH ON AND THE DISPLAY MODE SWITCH TO 
E POT R2 SO THAT THE NUMBER 5 OR & LED GLOWS. NOW ROTATE | 
THE ROTATION SENSOR KNOB TO THE RIGHT (CLOCKWISE). SEVERAL FLICKERING READOUT DOTS 
MOVE UP, INDICATING A POSITIVE VOLTAGE. ROTATE THE SENSOR KNOB TO THE LEFT 
(COUNTER-CLOCKWISE). SEVERAL FLICKERING READOUT DOTS MOVE DOWN TO INDICATE A 
NEGATIVE VOLTAGE. NOTE THAT TURNING THE KNOB MORE RAPIDLY CAUSES THE CLUSTER OF 
DOTS TO MOVE FURTHER UP OR DOWN. THUS, THIS CIRCUIT INDICATES DIRECTION OF 

ROTATION WHILE PROVIDING A GENERAL IDEA OF THE SPEED OF ROTATION. TRY OPERATING 
THE CIRCUIT WHEN THE DISPLAY MODE SWITCH IS SET TO BAR. ADJUST R2 SO THAT LEDS 
1-5 GLOW. ROTATE THE SENSOR KNOB TO THE RIGHT, AND THE COLUMN OF GLOWING LEDS 
MOVE UP. ROTATE THE SENSOR KNOB TO THE LEFT, AND THE BAR MOVES DOWN. 


& '\ a! i=. 
CAN REVERSE THE OPERATION OF THIS CIRCUIT BY SIMPLY SWITCHING THE TWO 


cs 3 AND 4. NOW THE READOUT LEDS WILL MOVE DOWN INSTEAD OF UP WHEN 
S ROTATED TO THE RIGHT, 


CHECK FOR WIRING ERRORS. 
DOT. ROTATE 100K CONSOL 


YOU 
SPRING 
SENSOR KNOB | 
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BUILD AN AUDIO OUTPUT ROTATION SENSOR 


VARIOUS ELECTRONIC AND MECHANICAL DEVICES CAN MEASURE HOW FAST AN OBJECT Is 
ROTATING. YOU WILL CONNECT THE ROTATION SENSOR TO A 555 TIMER CONNECTED AS AN 


AUDIO OSCILLATOR. THE OSCILLATION TONE WILL CHANGE NOTICEABLY WHEN THE SENSOR 
KNOB IS ROTATED IN EITHER DIRECTION. 


\ a) » 
QB’? CS 
oon —)))_ 
= 
R3-10K (BRN-BLK-ORG) C1-0.01 UF (103) 


R4+270_(RED-VIO-BRN) 
CIRCUIT DIAGRAM 


ROTATION 
SENSOR 


1. BUILD THE CIRCUIT 
1. O PUSH POWER AND DISPLAY SWITCHES OFF. 9. 1 CONNECT M4 TO J? (WHT). 


2. C INSERT 555 IC ACROSS SLOT (PIN 1 AT J5). 10. C1 CONNECT SPRINGS 3 AND 10 (BLL). 

3. 1 INSERT C1 ACROSS J1 AND KI. ll. C1 CONNECT SPRING 4 TO GROUND (BLU). 
4. 1 INSERT R3 ACROSS K10 AND L10. 12. CONNECT SPRING 11 TO M7 (BLU). 

5. O INSERT RY ACROSS Cb AND +9V. 13. C1 CONNECT SPRING 17 TO +9V (BLU). 

b. F| CONNECT J2 TO GROUND (WHT). 14. C1 CONNECT SPRING 16 TO k? (BLU). 

7. O CONNECT 310 TO +9V (WHT). 1S. O CONNECT SPRING 23 TO C10 (RED). 

8. C CONNECT k4 TO L7 GWT: le. 11 CONNECT SPRING 24 TO L4 (RED). 

2. TEST THE CIRCUIT 


CHECK FOR ERRORS. PUSH THE POWER SWITCH UP. YOU WILL HEAR A TONE FROM THE 
SPEAKER. ROTATE 10K CONSOLE POT R1 ALL THE WAY TO THE RIGHT. ADJUST 1M CONSOLE 
POT R2 UNTIL THE TONE HAS A HIGH FREQUENCY. NOW SPIN THE ROTATION SENSOR KNOB TO 
THE RIGHT. THIS WILL CAUSE THE FREQUENCY OF THE TONE TO RISE. NEXT, SPIN THE 
ROTATION SENSOR KNOB TO THE LEFT. THE FREQUENCY OF THE TONE WILL FALL. EXPERIMENT 
WITH THE SETTING OF R1 FOR BEST RESULTS. IF YOU ROTATE R1 ALL THE WAY TO THE 
RIGHT, THE TONE WILL BECOME A CHIRP EACH TIME YOU ROTATE THE SENSOR KNOB. 

& RT HER 
THIS CIRCUIT USES THE CONTROL INPUT OF THE 555 (PIN 5). WHEN PIN 5 IS LEFT OPEN 
(UNCONNECTED), THE CIRCUIT OSCILLATES AT A FREQUENCY DETERMINED BY C1 AND R2. APPLY 


ING A VOLTAGE TO PIN 5 ALTERS THIS FREQUENCY. IN THIS CIRCUIT, THE ROTATION SENSOR 
APPLIES A VARIABLE VOLTAGE TO PIN 5, 
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Th AL_ RECEIVER 
BUILD_AN ELECTROMAGNETIC S's circuit THAT CONVERTS 


SOR FOR A 


ELECTROMAGNETIC FIELDS INTO SOUND. USE THE CIRCUIT T 
ECEIVER AND OTHER ELECTROMAGNETIC FIELDS. 


FIELDS FROM A TELEPHONE R 
SS oo : 


D 
ae 8765 | : 
5 | a ree Pe, — ) a 

RIM (BRN-BLK-GRN) C1-0.1 UF (104) 3-470 UF 
ania i — I (2-0.001 UF (102) 
= 2 ie = rEFErer ret era 
1234 a2us% 
RT A DIAGRAM 
V +9V 


+9 +9V 


ADD THE REMOTE LINK 
TO USE THE INDUCTION 


COIL AS A PROBE. ask 
Ct 
0.1 MF 
| a 


INDOCTION 
coil 


1. BUILD THE CIRCUIT 
INSERT INDUCTION COIL IN SENSOR SOCKET. 42. [] CONNECT N7 TO +9V (RED). 


10 

> [INSERT 272 IC ACROSS SLOT (PIN 1 AT C5). 13. 1 CONNECT SPRING 2 TO GROUND (BLU). 

z. OJ INSERT 386 IC ACROSS SLOT (PIN 1 AT LS). 14. 1] CONNECT SPRING 10 TO Cl (BLU). 

4 [INSERT R2 ACROSS C4 AND D4. 15. C CONNECT SPRING 1 TO N4 (RED). 

5. [J INSERT C1 ACROSS SPRING 1 AND D1. lb. C CONNECT SPRING 12 TO GROUND (RED). 

tb. 1 INSERT C2 ACROSS C3 AND DS. 17. C CONNECT SPRING 13 TO +9V (BLU). 

7. [INSERT C3 ACROSS 08 (+) AND k8 (-). 18. C1 CONNECT SPRING 14 TO E12 (BLU). 

&. © CONNECT Fl AND GROUND (RED). 19. C CONNECT SPRING 15 TO GROUND 

9. (1 CONNECT C10 TO +9V (WHT). (RED). 

10. ( CONNECT Ml TO GROUND (WHT). 20. C1 CONNECT SPRING 23 TO kl0 (RED). 

1. ©] CONNECT 01 TO GROUND (WHT). 21. C CONNECT SPRING 24 TO GROUND 
(RED). 


CHECK YOUR CONNECTIONS AND THAT THE BARE LEADS OF THE COMPONENTS DO NOT TOUCH. 
ROTATE 10k CONSOLE POT RS AND 100k POT Rl ALL THE WAY TO THE LEFT. BEFORE YOu 
PUSH THE POWER SWITCH ON, PLACE THE CONSOLE NEAR A COMPUTER MONITOR OR TV SET, OR 
PLACE A TELEPHONE RECEIVER NEAR THE INDUCTION COIL CARD. PUSH THE POWER SWITCH ON. 
ROTATE RS SLIGHTLY TO THE RIGHT, THEN ROTATE Ri UNTIL YOU HEAR A BUZZ. ADJUST 
a1 UNTIL THE BUZZ SOUNDS BEST. USE R5 AS A VOLUME CONTROL TO ADJUST THE SOUND. 


3, GOING FURTHER 


ON PAGE 37 YOU WILL ADD THE LED BARGRAPH READOUT TO THE CIRCUIT. 


i - 


yOU WILL USE THE SECOND AMPLIFIER IN THE 272 TO DRIVE THE LED BARGRAPH READOUT. 
THE READOUT SERVES AS A SIGNAL STRENGTH INDICATOR. YOU WILL ALSO PERFORM VARIOUS 
EXPERIMENTS WITH THE ELECTROMAGNETIC SIGNAL RECEIVER. 


ios SEs oe 


R4-1K (BRN-BLK-RED) 


R5-3.3K (ORG-ORG-RED) C4-1 UF (5-0.1 UF (104) 
Rb-100K (BRN-BLK-YEL) 
CIRCUIT DIAGRAM 
C4 READOUT 
LaF 
TO PIN S OF 386. ME aid 
<«—+ = 
[ | 
[ — | 
[—| 
— 
RY o 
1K = 


i. MODIFY THE CIRCUIT ON PAGE 36. 
BEFORE STARTING, ADJUST THE CIRCUIT ON PAGE 3¢ FOR THE BEST RESULTS. 


1. O PUSH POWER AND DISPLAY SWITCHES OFF. 5. C1 INSERT C4 ACROSS J10 G) AND F10 (-). 


2. O INSERT R4 ACROSS F2 AND F7. 6. O INSERT cS ACROSS F4 AND D7. 
3. O INSERT RS ACROSS FS AND E7. 7. ( CONNECT 07 TO J7 (WHT). 
4. 1 INSERT R& ACROSS DIO AND E10. 8. C1 CONNECT SPRING 19 TO D8 (RED). 


2. TEST THE CIRCUIT 

“HECK FOR ERRORS. BE SURE THAT THE BARE LEADS OF THE COMPONENTS DO NOT TOUCH. 
PLACE THE CONSOLE NEAR A COMPUTER MONITOR OR OTHER SOURCE OF ELECTROMAGNETIC 
RADIATION. PUSH THE POWER SWITCH ON. YOU HEAR A BUZZ FROM THE SPEAKER AS BEFORE. 
IF NOT, ADJUST THE CIRCUIT AS DESCRIBED ON PAGE 36 AND TRY AGAIN. WHEN THE CIRCUIT 
TS WORKING PROPERLY, PUSH THE DISPLAY MODE SWITCH TO BAR. WATCH THE BARGRAPH 
WHILE MOVING THE CONSOLE AWAY AND TOWARD THE SOURCE OF ELECTROMAGNETIC 
RADIATION. THE ROW OF GLOWING LEDS RISES WHEN YOU MOVE THE CONSOLE TOWARD THE 
ELECTROMAGNETIC SOURCE AND FALLS WHEN YOU MOVE THE CONSOLE AWAY, 


3. GOING FURTHER 

YOU CAN PERFORM MANY EXPERIMENTS WITH YOUR ELECTROMAGNETIC RECEIVER AND ITS 
SIGNAL STRENGTH INDICATOR. FOR BEST RESULTS, DISCONNECT THE SPEAKER SO THAT IT 
DOES NOT DISTRACT YOU. REPEAT THE EXPERIMENT DESCRIBED ABOVE BY MOVING THE 
CONSOLE TOWARD AND AWAY FROM AN ELECTROMAGNETIC SOURCE. REMOVE THE INDUCTION 
COIL CARD FROM THE CONSOLE AND CONNECT IT TO THE CONSOLE USING THE REMOTE LINK. 
NOW USE THE INDUCTION COIL AS A PROBE TO CHECk FOR ELECTROMAGNETIC FIELDS. TRY 
MOVING THE COIL CARD BACK AND FORTH ACROSS THE SCREEN OF A COMPUTER MONITOR OR 
TV SET WHILE WATCHING THE BARGRAPH READOUT. NOTICE THAT THE STRENGTH OF AN 
ELECTROMAGNETIC FIELD CAN VARY GREATLY, EVEN OVER RELATIVELY SHORT DISTANCES. 


3? 


ELECTROMAGNETIC SIGNAL RECEIVER 


YOU WILL USE THE 555 TIMER IC TO BUILD A SIMPLE ELECTROMAGNETIC PULSE GENERATOR. 
THE ELECTROMAGNETIC PULSES ARE COUPLED INTO THE AIR BY MEANS OF THE 1000-OHM coy, 


IN THE CONSOLE TRANSFORMER. YOU WILL USE THE INDUCTION COIL AND THE REMOTE Link TO 
DETECT THE FIELD AROUND THE TRANSFORMER. 


PARTS YOU WILL NEED 


anee i ae 
Rb=-10K (BRN-BLK-ORG) C5-0.1 UF (104) 
ee R7-1kK (BRN-BLK-RED) 
CIRCUIT _DIAGRAN 1. EXPAND THE CIRCUIT ON PAGE 
+9V + OV 


BEFORE STARTING, ADJUST THE CIRCUIT ON PAGE 37 
TO GIVE BEST RESULTS. 


1, O PUSH THE POWER AND DISPLAY SWITCHES OFF. 
2. CO INSERT 555 IC ACROSS SLOT (PIN 1 AT Q5). 
3. C1 INSERT R& ACROSS Q9 AND RY. 

4. C1 INSERT R7 ACROSS RIO AND S10. 

5. O) INSERT CS ACROSS Ql! AND RI. 

b. LC) CONNECT Q2 TO GROUND (WHT). 

7. O CONNECT Q8& TO N& (WHT). 

&. CO) CONNECT R4 TO S7 (WHT). 

9. C1 CONNECT T4 TO Q7 (WHT). 

10. L) CONNECT SPRING 27 TO S4 (RED). 

1. C1 CONNECT SPRING 28 TO Q10 (RED). 


—" 


2. TEST THE CIRCUIT 


YOUR BREADBOARD IS NOW STUFFED WITH WIRES AND 
BE SURE THAT EXPOSED COMPONENT LEADS Do NOT 
USE THE REMOTE LINK TO CONNECT THE INDUCTION 
POWER SWITCH ON. IF YOU LEFT THE RECEIVER Circ 
YOU HEAR A HIGH-PITCHED TONE FROM THE SPEAKE 
PULSE GENERATOR BEING COUPLED To THE NEARBY 
SUPPLY LEADS. NOW PLACE THE INDUCTION COIL CA 
MUSICAL TONE IS LOUDER THAN BEFORE. IF THE ¢ 


PARTS. CHECK CAREFULLY FOR ERRORS. 

TOUCH AND THAT WIRES ARE NOT LOOSE. 
COIL CARD TO THE CONSOLE. PUSH THE 
UIT ADJUSTED AS DESCRIBED ON PAGE 37, 


THE TRANSFORMER. THE STRENGTH OR 


E. THEREFORE THE SIGNAL TS LOUDEST 
POSSIBLE To THE TRANSFORMER. 
%. GOING FURTHER 


Say ONE REMAINS. THIS PROVES THAT THE 
THE CONNECTION WIRES AND THE SHARED POWER supa THE RECEIVER CIRCUIT THROUGH 


— 
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MAGNET TO CAUSE AN LED TO FLASH AND FLICKER 
YOU WILL BUILD A VERY SENSITIVE TWO-STAGE AMPLIFIER THAT BOOSTS THE TINY SIGNALS 
INDUCED INTO THE INDUCTION COIL SENSOR WHEN THE MAGNET 1S MOVED NEARBY. THE 
AMPLIFIED SIGNAL DRIVES AN LED, WHICH FLASHES AND FLICKERS WHEN THE MAGNET {S 
MOVED BACK AND FORTH PAST THE INDUCTION COIL SENSOR. 


PARTS YOU WILL NEED 


_ areos —j_}— 
| | PLO R2-10M (BRN-BLK-BLU) naEaAS |) =)> 
ee ee R3-3.3k (ORG-ORG-RED) C1-0.1 UF (104) RED LED 
ae RErRERP R4-100K (BRN-BLK-YEL) 
1234 R5-470 (YEL-VIO-BRN) 


A INDUCTION 
| coil 
\ MAGNET 


1. BUILD THE CIRCUIT 
PUSH POWER AND DISPLAY SWITCHES OFF. 9. 1 INSERT LED ACROSS H2 (ANODE) AND 


2. O INSERT INDUCTION COIL IN SENSOR SOCKET. F2 (CATHODE). 

3. O INSERT 272 IC ACROSS SLOT (PIN 1 AT CS). 10. CX CONNECT Fl TO GROUND (RED). 

4. C1 INSERT R2 ACROSS C1 AND D1. lt. O CONNECT C10 TO +9V (WHT). 

5. O INSERT R3 ACROSS F3 AND £7. 12. ( CONNECT C4 TO F7 (WHT). 

6. O INSERT R4 ACROSS D10 AND £10. 13. C1 CONNECT SPRING 2 TO F4 (RED). 
7. O INSERT R5 ACROSS D9 AND HS. 14. C1 CONNECT SPRING 16 TO +9V (BLU). 
8. C1 INSERT C1 ACROSS SPRING 1 AND D3. 15. O CONNECT SPRING 17 TO E4 (BLU). 


16. C1 CONNECT SPRING 18 TO GROUND (BLU). 


THE CIRCUIT PART LEADS ARE CLOSE TO ONE ANOTHER. CHECK YOUR WIRING AND MAKE SURE 
NONE OF THE EXPOSED LEADS TOUCH. ROTATE 1M CONSOLE POT R1 ALL THE WAY TO THE 
LEFT. PUSH THE POWER SWITCH ON AND SLOWLY ROTATE R1 TO THE RIGHT UNTIL THE LED 
GLOWS. BACK OFF SLIGHTLY ON RI UNTIL THE LED SWITCHES OFF. THE CIRCUIT IS NOW SET 
FOR MAXIMUM SENSITIVITY TO ELECTRICAL SIGNALS INDUCED INTO THE INDUCTION COIL BY 
THE MAGNET. RUB THE MAGNET AGAINST THE BACk SIDE OF THE INDUCTION COIL CARD. THE 
LED FLASHES IN RESPONSE BECAUSE THE MAGNET 'S MOVING FIELD GENERATES TINY 
ELECTRICAL CURRENTS IN THE COIL. WHEN THESE SIGNALS ARE AMPLIFIED, THE LED FLASHES. 
3. GOING FURTHER 

THIS CIRCUIT CAN ALSO BE USED WITH THE LED BARGRAPH. PUSH THE POWER SWITCH OFF. 
CONNECT A RED WIRE FROM SPRING 19 TO F8. SWITCH THE POWER ON AND PUSH THE DISPLAY 


MODE SWITCH TO BAR. ADJUST R1 UNTIL ONLY LED 1 OR 2 OF THE READOUT GLOWS. RUB 
THE MAGNET AGAINST THE BACK OF THE INDUCTION COIL CARD AND WATCH THE LEDs. 
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USE A MAGNET TO ALTER AN AUDIO TON: — AST 
YOU WILL USE THE INDUCTION COIL SENSOR CARD IN A mie 
MOVING MAGNET BY ALTERING THE FREQUENCY OF AN AUDIO 


y\ 
= S717 Ss 8765 jj 
| ae R2-10M (BRN-BLK-BLU) 
| R4-1k (BRN-BLK-RED) C1, C2-0.1 UF (10%) 
nm —* Soo TT R5-270 (RED-VIO-BRN) 
a: & ore 
CIRCUIT DIAGRAM 


| INDUCTION COm 


INDUCTION 
{ COIL 
MAGKHET 


Li. BUILD THE CIRCUIT 
1. [] PUSH POWER AND DISPLAY SWITCHES OFF. 13. 1 CONNECT C4 TO T7 (RED). 


INSERT INDUCTION COIL IN SENSOR SOCKET. 14. CJ CONNECT Q10 TO +9V (RED). 


tad Cal 


z 

3. O INSERT 272 IC ACROSS SLOT (PIN 1 AT CS). 15. ( CONNECT Fl TO GROUND (RED). 
4. [1 INSERT 555 IC ACROSS SLOT (PIN 1 AT Q5). 16. 1 CONNECT C10 TO +9V (WHT). 

S. DO INSERT R2 ACROSS Cl AND DI. 17. C2 CONNECT SPRING 2 TO F4 (RED). 
tb. 1 INSERT R4 ACROSS R10 AND S10. 18. C1 CONNECT SPRING 13 TO R9 (RED). 
7. [1 INSERT RS ACROSS SPRING 23 AND +9V. 19. C1 CONNECT SPRING 14 TO Q9 (RED). 
8. 1 INSERT C1 ACROSS SPRING 1 AND D3. 20. C1 CONNECT SPRING 16 TO +9V (BLU). 
9. 1 INSERT C2 ACROSS QI! AND Rl. 21. L) CONNECT SPRING 17 TO E4 (BLU). 
19. C1 CONNECT Q2 TO GROUND (WHT). 22. L] CONNECT SPRING 18 TO GROUND 
11. G CONNECT R4 TO S7 (WHT), (BLU). 

12. 1) CONNECT T4 TO Q7 (WHT). 25. C1 CONNECT SPRING 24 TO S4 (RED). 


INSPECT YOUR WIRING FOR ERRORS. ROTATE 100k CONSOLE POT R3 TO MIDPO 
INT. ROTATE 1M 
CONSOLE POT RI ALL THE WAY TO THE LEFT, THEN PUSH POWER ON. YOU HEAR A MUSICAL 
TONE. ROTATE Ri TO THE RIGHT UNTIL THE TONE SOUNDS SCRATCHY. RUB THE MAGNET 
AGAINST THE BACK OF THE INDUCTION COIL CARD. THE TONE FREQUENCY CHANGES AS YOU 
MOVE THE MAGNET. WHEN THE MAGNET IS STILL, THE TONE RETURNS TO ITS ORIGINAL 
VALUE. EXPERIMENT WITH THE CIRCUIT BY ADJUSTING R3 WHILE MOVING THE MAGNET 
AGAGISY Le farretel bel CARD, THIS CHANGES THE BASE FREQUENCY OF THE TONE AND 
MAY CAUS VATIONS. AFTER FINDING A SETT 
| ))) 
RESULTS, ADJUST R1 WHILE MOVING THE MAGNET AGAINST THE INDUCTION Coma 
%. GOING FURTHER 
CREATE A FREQUENCY CHANGE BY SWINGING THE 
COIL CARD. PLACE A PIECE OF CARDBOARD op ae MAGNET BY THE BACK OF THE INDUCTION 


S 
THE MAGNET FROM BEING ATTRACTED To THEsE SPiN ee ae sn 


BUILD A COMPASS BOUNCER 

THE CIRCUIT ON PAGE 25 SHOWS HOW AN ELECTROMAGNETIC PULSE DEFLECTS THE rosa 
NEEDLE. YOU WILL BUILD A PULSE GENERATOR THAT AUTOMATICALLY APPLIES A SERI a 
PULSES TO THE INDUCTION COIL SENSOR CARD. EACH PULSE DEFLECTS THE COMPASS N 5 


PARTS YOU WILL NEED 


—i1— —_ J i «Sm 


: R2-10k (BRN-BLK-ORG) C1-100 UF RED LED 
fe: a OMPAS 
CIRCUIT DIAGRAM 
— Q V + qv + 9V 
A ‘A 
Rt 
mer COMPASS 
LED 
s 
INR ON BEE 
C41 LED \ ° 
105n6| L = 


1, THE 
1. O PUSH POWER AND DISPLAY SWITCHES OFF. 7. O CONNECT Q2 TO GROUND (WHT). 
2. C1 INSERT INDUCTION COIL CARD IN SENSOR 8. C1 CONNECT Q10 TO +9V (RED). 


SOCKET. 9. O CONNECT R4 TO S7 (WHT). 
3. O INSERT 555 IC ACROSS SLOT (PIN 1 AT QS). 10. OO CONNECT T4 TO Q? (WHT). 
4. C1 INSERT R2 ACROSS R10 AND S10. ll. O CONNECT S4 TO Hé (RED). 
5. O INSERT C1 ACROSS R1 (+) AND Ql (-). 12. CL) CONNECT SPRING 1 TO +9V (WHT). 
&. CO INSERT LED ACROSS F9 (ANODE) AND H9 13. C1 CONNECT SPRING 2 TO F10 (WHT). 
(CATHODE). 14. C1 CONNECT SPRING 13 TO R8 (BLU). 


IS. C1 CONNECT SPRING 14 TO Q8 (BLU). 
2. TEST THE CIRCUIT 
CHECK YOUR WIRING AND CORRECT ANY ERRORS. ROTATE 100k CONSOLE POT R12 2/3 OF THE 
WAY TO THE RIGHT. PUSH THE POWER SWITCH UP, AND THE LED FLASHES EVERY FEW 
SECONDS. NOW PLACE THE COMPASS NEAR THE INDUCTION COIL. EACH TIME THE LED 
FLASHES, THE COMPASS NEEDLE IS SHARPLY DEFLECTED. THE DEFLECTIONS ARE STRONGEST 
WHEN THE COMPASS IS HELD VERY CLOSE TO THE CENTER OF THE INDUCTION COIL CARD. 


FOR BEST RESULTS, ROTATE THE CONSOLE TO FACE EAST 0 

NEEDLE IS PARALLEL TO THE INDUCTION COIL. SINCE THE Reet rl soot oe pada = 
COMPASS NEEDLE IS ATTRACTED TO THE COIL, THE COMPASS DEFLECTION IS MUCH MORE 
OBVIOUS. TO SPEED UP DEFLECTIONS, REPLACE C1 WITH A 10 UF CAPACITOR. INSERT THE 

LEAD AT R1 AND THE - LEAD AT Ql. YOU CAN DETECT THE ELECTROMAGNETIC PULSES Fi 
THE INDUCTION COIL WITH A TRANSISTOR RADIO. TUNE THE RADIO TO AN UNUSED sPo She 
THE LOW END OF THE AM BAND (BELOW ABOUT 00 KHZ). PLACE THE oor ae 


THE ANTENNA COIL NEAR THE INDUCTION COIL. LISTEN CA 
EACH TIME THE LED FLASHES. REFULLY, AND YOU HEAR A CLICK 
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BUILD A BASIC MAGNET _L TECTOR TO BUILD A BASIC MAGNET 
YOU WILL USE THE MAGNET SENSOR (HALL-EFFECT San NEAR THE LEFT SIDE OF THE 
SENSOR. WHEN THE SOUTH POLE OF THE MAGNET IS PLACE 


MAGNET SENSOR, A RED LED WILL GLOW. 


PARTS YOU WILL NEED 


—1_— =" ro 
R1-1k (BRN-BLK-RED) RED LED 
CIRCUIT DIAGRAM 
+9 +49V 
R41 
1K 
<_—_ 
7 RED LED 
MAGNET 8 WE ILE ; 
y FLAT 
q \ By seas 
MAGNET SENSOR iL Si 
“’ 


1. BUILD THE CIRCUIT 

L. © PUSH POWER AND DISPLAY SWITCHES OFF. 4. CJ CONNECT SPRING 7 TO +9V. (RED). 

2. CO INSERT RED LED ACROSS H5 (ANODE) AND 5. C1 CONNECT SPRING 8 TO GROUND (RED). 
35 (CATHODE). 6. O CONNECT SPRING 9 TO Ji (RED). 

3. O INSERT R1 ACROSS H1 AND +9V. 


12. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. THE LED REMAINS OFF. PLACE 
THE SOUTH POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE LED 
GLOWS WHEN THE MAGNET IS WITHIN ABOUT 1 CM (0.4 INCH) FROM THE MAGNET SENSOR. 


SLOWLY MOVE THE MAGNET AWAY FROM THE MAGNET SENSOR. THE LED WILL SWITCH OFF 


WHEN THE MAGNET |S SEVERAL CENTIMETERS OR MORE AWAY FROM T THE 
MAGNET BACK TOWARD THE SENSOR TO SWITCH THE LED ON AGAIN. HE SENSOR MS 


3. GOING FURTHER 


YOU CAN PLACE VARIOUS MATERIALS BETWEEN THE MAGNET AND THE MAGNET SENSOR TO 
DETERMINE IF THEY WiLL BLOCk THE MAGNET 'S FIELD. WITH THE CIRCUIT SWITCHED ON 
PLACE THE SOUTH POLE OF THE MAGNET NEAR THE MAGNET SENSOR UNTIL THE LED ; 
GLOWS. THEN MOVE THE MAGNET SLIGHTLY FARTHER AWAY, NOW HOLD THE MAGNET. IN 
PLACE WHILE PLACING VARIOUS WATERILS BETWEEN THE NAGNET AND THE MAGNET. SENSOR 
; ; VE NO E : 
WILL EXTINGUISH THE LED WHEN THEY Ae ean ae STEEL HOGS 
MAGNET SENSOR. COMMON STEEL OBJECTS INCLUDE SCREWDRIVER Pie 
WASHERS. S, TWEEZERS, AND 
EVEN A PAPERCLIP HAS THIS EFFECT, WHILE HoLD 
OF THE PAPERCLIP ONTO THE SURFACE OF THE 4 
EXTINGUISH THE LED BY MOVING THE P 


ING MAGNET IN PLACE, PUT THE END 
NSOR. YOU SHOULD BE ABLE TO 
APERCLIP AGAINST THE FRONT OF THE SENSOR. 


aie 


DSE_A MAGNET TO SWITCH ON THE BUZZER 


YoU WILL USE TWO TRANSISTORS TO BUILD A SIMPLE CIRCUIT THAT SWITCHE 
S 
ON THE BUZZER WHEN THE MAGNET |S BROUGHT NEAR THE MAGNET SENSOR. 


PARTS YOU WILL NEED 


E 
g NN 
C 


poe) 


QI-NPN TRANSISTOR (9014) R1-10K (BRN-BLK-ORG) 


R2-1k (BRN-BLK-RED) 


Q2-POWER FET 
CIRCUIT DIAGRAM 


MAGNET =_ 


1. BUILD THE CIRCUIT 
1. O PuSH POWER AND DISPLAY SWITCHES OFF. 7. O CONNECT BS TO +9V (WHT). 
INSERT Q1 AT H& (E), G8& (B) AND F& (C). 8. 1 CONNECT SPRING 7 TO +9V (RED). 
INSERT Q2 AT C1 (G), Bl (D) AND Al GS). 9. CONNECT SPRING 8 GROUND (RED). 


Qa aed Cal La] 


os UT CLC IW & 


INSERT R2 ACROSS C5 AND Fé. 10. CO CONNECT SPRING 9 TO Gé (RED). 
INSERT R21 ACROSS F10 AND +9V. 11. O CONNECT SPRING 21 TO AS (RED). 
CONNECT H10 TO GROUND (RED). 12. CO CONNECT SPRING 22 TO GROUND (BLU). 


2. TEST THE CIRCUIT 

CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON AND NOTHING HAPPENS. PLACE 
THE SOUTH SIDE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE 
BUZZER SOUNDS WHEN THE MAGNET IS WITHIN ABOUT 1 CM (0.4 INCH) FROM THE MAGNET 
SENSOR. AS WITH THE LED CIRCUIT ON PAGE 42, ONCE THE BUZZER IS ON IT STAYS ON 
UNTIL YOU MOVE THE MAGNET MORE THAN A FEW CENTIMETERS AWAY FROM THE MAGNET 
SENSOR. AFTER THE BUZZER SWITCHES OFF, PLACE THE MAGNET NO MORE THAN ABOUT 1 
CM AWAY FROM THE MAGNET SENSOR FOR THE CIRCUIT TO ACTIVATE THE BUZZER. THIS 
WILL HELP You BETTER UNDERSTAND HOW THE MAGNET SENSOR IS SWITCHED ON AND OFF 
BY THE MAGNET. THE MAGNET SENSOR IS A SEMICONDUCTOR DEVICE CALLED A HALL SENSOR. 
IT SWITCHES ON ONLY WHEN THE PROPER POLE OF THE MAGNET FACES THE SENSOR. WHEN 
YOU PLACE THE NORTH SIDE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR, 
NOTHING HAPPENS. WHEN YOU PLACE THE NORTH SIDE OF THE MAGNET NEAR THE RIGHT 
SIDE OF THE MAGNET SENSOR, THE BUZZER SOUNDS. THIS EXPERIMENT DEMONSTRATES THAT 
THE MAGNET SENSOR IS SENSITIVE TO THE DIRECTION OF THE MAGNETIC FIELD. 


3. GOING FURTHER 


USE A PLASTIC OR WOOD RULER TO MEASURE THE DISTANCE BETWEEN THE MAGNET AND THE 
MAGNET SENSOR WHEN THE BUZZER FIRST SWITCHES ON, THEN MEASURE THE DISTANCE THE 
MAGNET CAN BE MOVED AWAY FROM THE MAGNET SENSOR BEFORE THE BUZZER STOPS. 


USE A MAGNET TO SWITCH OFF THE BUZZER 
USE A POWER FET TO TURN OFF THE BUZZER WHEN A MAGNET NEARS pli, 8 THIS 
CIRCUIT ILLUSTRATES HOW MAGNET SENSORS ARE USED IN SECURITY SYSTEMS. 


PARTS YOU WILL NEED 


eg) 
Ri-Ik (BRN-BLk-RED) 


wml FET 


+9y why 


MAGNET 
en 


1. BUILD THE CIRCUIT 

1 PUSH POWER AND DISPLAY SWITCHES OFF. 6. 
[CU INSERT Qi AT C1 (G), Bl (D) AND Al (S). 7. 
1 INSERT Ri ACROSS C5 AND HS. 8. 
. C1 CONNECT BS TO +9V (WHT). 9. 
. CO CONNECT SPRING 7 TO +9V (RED). 


C1 CONNECT SPRING & TO GROUND (RED). 
Cl CONNECT SPRING 9 TO Hi (RED). 
O 
O 


CONNECT SPRING 21 TO AS (RED). 
CONNECT SPRING 22 TO GROUND (BLU). 


UW pb Wh 


CHECK THE CIRCUIT FOR ERRORS. PUSH THE POWER SWITCH ON AND THE BUZZER SOUNDS 
LOUDLY. BRING THE SOUTH POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET 
SENSOR. WHEN THE MAGNET COMES WITHIN ABOUT 1 CM (0.4 INCH) OF THE MAGNET SENSOR, 
THE BUZZER SWITCHES OFF. IT REMAINS OFF EVEN WHEN YOU MOVE THE MAGNET MORE 
THAN 1 CM AWAY FROM THE SENSOR. YOU CAN EASILY DEMONSTRATE THE OPERATION OF A 
WINDOW OR DOOR INTRUSION ALARM. SWITCH THE POWER OFF. WHILE HOLDING THE SOUTH 
POLE OF THE MAGNET NEAR OR AGAINST THE LEFT SIDE OF THE MAGNET SENSOR, PUSH 
POWER ON. THE BUZZER IS SILENT. MOVE THE MAGNET AWAY FROM THE MAGNET SENSOR. 
THE BUZZER SOUNDS. IN MOST INTRUSION ALARMS, THE MAGNET |S MOUNTED ON A MOVING 
OBJECT AND THE MAGNET SENSOR IS MOUNTED ON A FIXED OBJECT. THE ALARM IS SILENT 
WHEN THE DOOR IS CLOSED AND THE MAGNET IS CLOSE TO THE SENSOR. WHEN THE DOOR |S 
OPENED, THE MAGNET IS SEPARATED FROM THE SENSOR, AND THE ALARM SOUNDS. 


%. GOING FURTHER 

YoU CAN ADD A RED LED TO THIS CIRCUIT THAT GLOWS WHEN THE BUZZER SOUNDS. YOU 
WILL NEED A RED LED AND R2, A 1k RESISTOR (BRN-BLK-RED). PUSH THE POWER SWITCH ON 
AND REPEAT THE ABOVE EXPERIMENTS. THE LED GLOWS EACH TIME THE BUZZER SOUNDS. 

1. Cl PUSH POWER AND DISPLAY SWITCHES OFF, 3. CI INSERT RED LED A DE) AND 
2, 1 INSERT r2 ACROSS A4 AND Eb, G8& (CATHODE), CROSS E8 (ANODE) 


- 4. C1 CONNECT G10 TO GROUND (RED). 


a 


USE A MAGNET TO SWITCH ON AN LED For # IXED_ TIME 
You WiLL BUILD A MONOSTABLE MULTIVIBRATOR CIRCUIT THAT CAUSES A LED TO GLOW FOR 
A FIXED PERIOD OF TIME WHEN THE MAGNET IS PLACED NEAR THE MAGNET SENSOR. THE LED 
CONTINUES TO GLOW EVEN WHEN THE MAGNET 1S MOVED AWAY FROM THE MAGNET SENSOR. 
PARTS YOU WILL NEED 


14131211109 8 


ae —)_— pa i, 
Rl, R2-l00kK (BRN-BLK-YEL) C1-100 UF RED LED 


TOUT — 3-470 (YEL-ViO-BRN) 
CIRCUIT DIAGRAM 


+9V + 4v +9y 


<> R3 
470 
MAGNET 
RED 


3 Y seas 
MAGNET SENSOR 
R LED 
s 
FLAT 
Al A \ SPOT 


GROUND UNUSED INPUTS OF THE 4011 (PINS 8, 9, 12 AND 13). = 


1. BUILD THE CIRCUIT 
. (1 PUSH POWER AND DISPLAY SWITCHES OFF. 9. O CONNECT F10 TO +9V (WHT). 


~— 


2. C1 INSERT 4011 Ic ACROSS SLOT (PIN 1 AT FS). 10. O CONNECT G2 TO I2 (WHT). 

3. CO INSERT R12 ACROSS F2 AND L2. ll. O CONNECT Jl TO kl (WHT). 

4. 1 INSERT R2 ACROSS kK4 AND GROUND. 12. CO CONNECT L7? TO GROUND (WHT). 

S. CO INSERT R3 ACROSS El AND +9V. 13. C1 CONNECT G10 TO H10 (WHT). 

6. O INSERT C1 ACROSS H4 (+) AND J4 (-). 14. O CONNECT k10 TO L10 (WHT). 

7. O INSERT LED ACROSS E4 (ANODE) AND G4 15. C1 CONNECT H9 TO k9 (WHT). 
(CATHODE). 16. (1 CONNECT SPRING 7 TO +9V (RED). 

8. C1) CONNECT L1 TO GROUND (WHT). 1). C1 CONNECT SPRING 8 TO GROUND (RED). 


18. LC) CONNECT SPRING 9 TO Fl (RED). 


CHECK YOUR WIRING FOR ERRORS. THE LEADS OF SEVERAL OF THE PARTS ARE CLOSELY 
SPACED, SO BE SURE THEY DO NOT TOUCH ONE ANOTHER. PUSH THE POWER SWITCH ON AND 
THE LED GLOWS. AFTER SEVERAL SECONDS, THE LED SWITCHES OFF. NOW BRING THE 

SOUTH POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE LED 
SWITCHES ON FOR SEVERAL SECONDS. DURING THIS PERIOD, MOVING THE MAGNET AWAY FROM 
THE MAGNET SENSOR WILL HAVE NO EFFECT ON THE CIRCUIT, AND THE LED WILL CONTINUE 
TO GLOw. 


3. GOING FURTHER 

C1 AND R2 CONTROL HOW LONG THE LED STAYS ON ONCE THE MAGNET SENSOR IS 
TRIGGERED. FoR BRIEF TIME DELAYS, REPLACE Cl WITH A 10 UF CAPACITOR. FOR LONG TIME 
DELAYS, REPLACE C1 WITH THE 470 UF CAPACITOR. ORIENT THE CAPACITOR LEADS CORRECTLY 
(H4 IS + AND J4 JS -). 
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A A ) 


TRIGGERED BY THE MAGNET. NORMALLY A 
ACED NEAR THE MAGNET SENSOR, THE 


\ A 


YOU WILL BUILD AN LED FLASHER CIRCUIT THAT I'S 
RED LED GLOWS STEADILY. WHEN THE MAGNET IS PL 
LED FLASHES A FEW TIMES EACH SECOND. 


PARTS YOU WILL NEED 


AAnos i =e 
R1-IM (BRN-BLK-GRN) Cl-1 UF RED LED 


R2-100k (BRN-BLK-YEL) 
R3=470 (YEL-VIO-BRN) 


CIRCUIT DIAGRAM 


+ 9V +9V aaa? 


<> 


(= RED 
MAGNET | Is V7 ween 
Rantings: w 


LaF | — 
~ 


GROUND UNUSED INPUTS OF THE 4011 (PINS 12 AND 13). 


i. BUILD THE CIRCUIT 


. & PUSH POWER AND DISPLAY SWITCHES OFF. 10. CO CONNECT H2 TO J2 (WHT). 
1 INSERT 4011 IC ACROSS SLOT (PIN 1 AT FS). 11. O CONNECT Jl TO kl (WHT). 


2. 

3. DO INSERT R1 ACROSS D3 AND G3. 12. CO CONNECT L4 TO H7 (WHT). 

4. 1 INSERT R2 ACROSS D5 AND Hi4. 13. CO CONNECT F4 TO J7 (WHT). 

&. 1 INSERT C1 ACROSS I4 (+) AND D4 (-), 15. C CONNECT k10 TO L1O (WHT). 

7.0 pcm “A ACROSS E2 (ANODE) AND le. C1 CONNECT SPRING 7 TO +9V (RED). 
12 KCATHOPE), 17. O CONNECT : 

6. C1 CONNECT 12 TO GROUND (WHT), 18. C1 CONNECT ays 9 Toke 

9. [1 CONNECT F10 TO +9V (WHT). ; 


INSPECT YOUR CIRCUIT FOR ERRORS. THE LEADS OF THE LED, Cl, AND ALL 3 RESISTORS ARE 
VERY CLOSE TOGETHER. SPREAD THESE COMPONENTS OUTWARD SO THEIR LEADS DO NOT 
TOUCH ONE ANOTHER, PUSH THE POWER SWITCH ON, AND THE RED LED WILL G WHEN 
YoU PLACE THE SOUTH POLE OF THE MAGNET N LOW, 
SENSOR, THE LED FLASHES SEVERAL TIMES EAC 
THE LED GLOWS CONTINUOUSLY, H SECOND. MOVE THE MAGNET AWAY, AND 


%. GOING FURTHER 
TO SLOW THE LED FLASH RATE, INCREASE () 


LEADS CORRECTLY (14 IS + AND D4 Is -) oR REPLACE 
POT. CONNECT SPRING 16 TO D5 (BLU) AND sprinc 17 . pene WITH THE 1M CONSOLE 
TO CHANGE THE FLASH RATE WHEN THE MAGNET IS NEAR THE ). ROTATE THE 1M POT KNOB 


TO 4.7 OR 10 UF. ORIENT THE CAPACITOR: 


“sf MAGNET SENSOR. 


I\ \ dD A A ) 


You WiLL MODIFY THE CIRCUIT ON PAGE 4 TO BUILD AN LED FLASHER CIRCUIT THAT {S 
SWITCHED OFF BY THE MAGNET. NORMALLY A RED LED FLASHES SEVERAL TIME A SECOND. 
WHEN THE MAGNET |S PLACED NEAR THE MAGNET SENSOR, THE LED STOPS FLASHING AND 
GLOWS STEADILY. 

PARTS YOU WILL NEED 


He ee IS A MODIFIED VERSION OF THE ONE ON PAGE 46. NO ADDITIONAL PARTS ARE 
NECESSARY. 


CIRCUIT DIAGRAM 


Bhs +9v +9 


MAGNET 


R RED 
YZ LED 
~~ 


GROUND UNUSED INPUTS 
OF THE 4011 (PINS 8, 9,12 
AND 13). 


1. MODIFY THE CIRCUIT THAT USES A MAGNET TO SWITCH ON A 
FLASHING LED 


1. OO PUSH POWER AND DISPLAY SWITCHES OFF. 3. O MOVE RED WIRE AT L7? TO F1. 
2. REMOVE WHT WIRE BETWEEN F4 AND J7. 4. CO CONNECT K9 TO H9 (WHT). 


2. TEST THE iL 

THIS IS A MODIFIED CIRCUIT, SO BE SURE NONE OF THE PARTS OR WIRES HAVE COME LOOSE 
AND THAT YOU HAVE MADE NO ERRORS. PUSH THE POWER SWITCH UP, AND THE LED WILL 

FLASH SEVERAL TIMES EACH SECOND. NOW PLACE THE SOUTH POLE OF THE MAGNET NEAR 
THE LEFT SIDE OF THE MAGNET SENSOR. THE LED WILL GLOW STEADILY. 


5. GOING FURTHER 

AS WITH THE ORIGINAL CIRCUIT, YOU CAN INCREASE THE VALUE OF C1 TO SLOW THE FLASH 
RATE. YOU CAN ALSO REPLACE R2 WITH THE 1M CONSOLE POTENTIOMETER TO PROVIDE AN 
ADJUSTABLE FLASH RATE. SEE PAGE 4 FOR DETAILS. 


YOU CAN ADD A SECOND LED TO MAKE AN ALTERNATE RED-GREEN FLASHER. YOU WILL NEED 
A GREEN LED AND R4, A 470-OHM RESISTOR (YEL-VIO-BRN). FOLLOW THESE STEPS: 


1. O PUSH POWER AND DISPLAY SWITCHES OFF. 5. O INSERT LED ACRoss E? (ANODE) AND 

2. O REMOVE WHT WIRE BETWEEN k? AND H9. J7 (CATHODE). 

3. O REMOVE WHT WIRE BETWEEN L“ AND H7. 6. O CONNECT L& To Is (WHT). 

4. O INSERT R4 ACROSS E& AND +4V. 7, CO CONNECT H9 TO L4 (WHT). 

PUSH THE POWER SWITCH ON, AND THE LEDS WILL FLASH ALTERNATELY. PLACE THE SOUTH 


POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE GREEN LED WILL 
STOP FLASHING AND THE RED LED WILL GLOW CONTINUOUSLY, 
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Se 


USE THE MAGNET TO SWITCH ON A TON 
YOU WILL USE THE MAGNET TO ACTIVATE AN ADJUSTABLE AUDIO OSCILLATOR MADE FROM 
TWO GATES IN A 4011. 


es 
R1-100K (BRN-BLK-YEL) C1-0.1 UF (104) 
R2-IM (BRN-BLK-GRN) 


CIRCUIT DIAGRAM 


+ QV + GV 
<—_ 
(7 “ 
Lis 2s SPKR 
LJ 24 
\ MAGNET SENSOR 
MAGNET 23 
28 26 
GROUND UNUSED INPUTS OF THE 4011 (PINS 12 AND 13). 
K \) ~ R 
1. GJ PUSH POWER AND DISPLAY SWITCHES off. 22: Ud CONN 10 TO Hid WA 
2. CL INSERT 4011 IC ACROSS SLOT (PIN 1 AT Fs), 25: EX CONNECT k10 TO L10 (WHT). 
S. © INSERT C1 ACROSS I4 AND D4. le. CO CONNECT SPRING 9 TO L7 CRED). 
t. ( CONNECT L1 TO GROUND (WHT). 17. C1 CONNECT SPRING le TO DS (BLU). 
7. (1 CONNECT F1O TO +9V (WHT). 18. C1 CONNECT SPRING 17 TO K4 (BLU). 
®. C1 CONNECT H2 TO J2 (WHT). 19. O CONNECT SPRINGS 23 AND 26 (RED). 
9. 1) CONNECT J1 TO K1 (WHT). 20. C1 CONNECT SPRINGS 24 AND 25 (WHT). 
10. ( CONNECT F4 TO J7 (WHT). 21. C1 CONNECT SPRING 27 TO IS (BLU). 
11. © CONNECT L4 TO H7 (WHT), 22. C1 CONNECT SPRING 28 TO GROUND (RED). 


CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. THE SPEAKER TS SILENT) NOW 

sti ids eyes La oF ANE, HAGEL NEAR THE LEFT SIDE OF THE MAGNET SENSOR. YOU 
SPEAKER, 

THE FREQUENCY OF THE SOUND, R, ADJUST IM CONSOLE POT R3 TO CHANGE 


3. GOING FURTHER 
You CAN MAKE THE FREQUENCY OF THE TONE RESPOND ToL 


1. 1 PUSH POWER AND DISPLAY SWITCHES ofr. 
2, Cl INSERT PHOTORESISTOR CARD IN SENSOR 
SOCKET. 


IGHT. FOLLOW THESE STEPS: 


3 CI MOVE BLU AT SPRING lb TO SPRING 1. 
- O MOVE BLU AT SPRING 17 TO SPRING 2. 


SIDE OF THE MAGNET SENSOR. THE SPEAKER Emirs 
WHEN THE LIGHT LEVEL AT THE PHOTORESIsToR INCREASES 


3) 


YoU WILL MODIFY THE CIRCUIT ON PAGE 48 SO THAT AN AUDIO TONE IS SWITCHED OFF WHEN 
THE MAGNET IS PLACED NEAR THE MAGNET SENSOR. 


PARTS YOU WILL NEED 


THIS ae IS A MODIFIED VERSION OF THE ONE ON PAGE 48. NO ADDITIONAL PARTS ARE 
NECESSARY. 


CIRCUIT DIAGRAM 


+ 9V +9V 

=< 
ias 
| | T1 
& 25 SPKR 

{ MAGNET SENSOR 24 

MAGNET 
23 
28 26 


GROUND UNUSED INPUTS OF 4011 PINS 8, 9, 12 AND 13). 
1. MODIFY CIRCUIT THAT USES A MAGNET TO SWITCH ON A TONE 


“PUSH POWER AND DISPLAY SWITCHES OFF. 3. C1 MOVE RED WIRE AT L7 TO FS5. 
CO REMOVE WHT WIRE BETWEEN F4 AND 37. 4. (1 CONNECT H9 TO kK? (WHT). 


2. TEST THE CIRCUIT 

ANY TIME YOU MODIFY A CIRCUIT, IT IS IMPORTANT TO MAKE SURE NONE OF THE WIRES OR 
PARTS HAVE COME LOOSE. BE SURE TO CHECK YOUR WIRING CAREFULLY. PUSH THE POWER 

SWITCH ON AND YOU WILL HEAR A TONE FROM THE SPEAKER. PLACE THE SOUTH POLE OF 
THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR, AND THE TONE WILL STOP. 


THE OPERATION OF THIS CIRCUIT RESEMBLES THAT OF THE CIRCUIT ON PAGE 44 IN WHICH 
THE MAGNET SWITCHES OFF THE BUZZER. THE MAIN DIFFERENCES ARE THAT THIS CIRCUIT 
USES LESS CURRENT AND THE FREQUENCY OF THE AUDIO TONE CAN BE ADJUSTED. AS WITH 
THE CIRCUIT ON PAGE 44, THIS CIRCUIT CAN SIMULATE THE OPERATION OF AN INTRUSION 
ALARM DESIGNED TO DETECT AN OPEN WINDOW OR DOOR. IN EITHER CASE, THE MAGNET IS 
MOUNTED ON THE MOVING OBJECT AND THE MAGNET SENSOR IS ON A NEARBY FIXED OBJECT. 


A SIMILAR APPROACH CAN BE USED TO DETECT WHEN MERCHANDISE IN A STORE OR AN 
OBJECT IN A MUSEUM HAS BEEN MOVED. THE MAGNET |S MOUNTED AT THE BOTTOM OF THE 
OBJECT BEING PROTECTED. THE MAGNET SENSOR IS MOUNTED BELOW WHERE THE OBJECT IS 
PLACED. THE TONE SOUNDS WHEN THE OBJECT |S MOVED. 


5. GOING FURTHER 

THIS CIRCUIT CAN BE USED TO DETECT FERROUS METALS LIkE IRON AND STEEL. HOLD THE 
MAGNET NEAR THE MAXIMUM RANGE AWAY FROM THE MAGNET SENSOR AT WHICH THE TONE 
IS SILENT. THEN PLACE ONE END OF THE PAPER CLIP AGAINST THE LEFT SIDE OF THE 
MAGNET SENSOR. THE TONE SOUNDS WHEN THE PAPER CLIP Is DIRECTLY BETWEEN THE 
CENTER OF THE MAGNET SENSOR AND THE MAGNET. RUB THE PAPER CLIP AND THE TONE 
SWITCHES OFF AND ON. GRIP THE PAPER CLIP FIRMLY, SINCE IT WILL BE ATTRACTED TO THE 


MAGNET. 
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USE A MAGNET TO CONTROL A PULSATING TONE GENERATOR 


YOU WILL USE ALL FOUR GATES IN A 40ll TO BUILD A PAIR OF AUDIO OSCILLATORS THAT 
GENERATE A PULSATING TONE. YOU WILL USE THE MAGNET TO SWITCH THE TONE OFF. 


PARTS YOU WILL NEED 
—i— pre iiiee | 


RI-IM (BRN-BLK-GRN) Cl-10 UF C2-0.01 UF (103) 


14131211 109 8 
OO a 


Lets YS VY 


CIRCUIT DIAGRAM 


MAGNET SENSOR 


mm: 


MAGNET 


1. BUILD THE CIRCUIT ? 
1. PUSH POWER AND DISPLAY SWITCHES OFF. 13. 1 CONNECT SPRING 7 TO +9V (RED). 


i 

2. [1 INSERT 4011 IC ACROSS SLOT (PIN 1 AT F5). 14. CJ CONNECT SPRING 8 TO GROUND (RED). 
3. [1 INSERT R1 ACROSS G4 AND D4. 15. CL) CONNECT SPRING 9 TO Fi (RED). 
4. © INSERT C1 ACROSS I3 (+) AND D3 (-). 16. CX) CONNECT SPRING 13 TO D1 (BLU). 
Ss. O INSERT C2 ACROSS 17 AND K7. 17. CX CONNECT SPRING 14 TO Hi (BLU). 
6. [© CONNECT L1 TO GROUND (WHT). 18. CJ CONNECT SPRING 16 TO k10 (BLU). 
7. (1 CONNECT F10 TO +9V (WHT). 19. O CONNECT SPRING 17 TO J10 (BLU). 
®. [ CONNECT Ji TO Ki (WHT). 20. C1 CONNECT SPRINGS 23 AND 26 (RED). 
9. [1 CONNECT H2 TO J2 (WHT). 21. ( CONNECT SPRINGS 24 AND 25 (WHT). 
10. ([] CONNECT G10 TO H10 (WHT). 22. C1 CONNECT SPRING 27 TO I8 (BLU)- 
11. [] CONNECT H9 TO J9 (WHT). 23. C1 CONNECT SPRING 28 TO GROUND 
172. (] CONNECT I4 TO L7 (WHT). (RED). 


REVIEW WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. A PULSATING TONE SOUNDS. 
ADJUST 100k CONSOLE POT R2 AND IM POT R3 TO CONTROL THE RATE AND FREQUENCY OF 
THE TONE. PLACE THE SOUTH POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE 
MAGNET SENSOR. THE TONE STOPS. REMOVE THE MAGNET AND THE TONE RESUMES. 


3%. GOING FURTHER 
1. DJ PUSH POWER AND DISPLAY SWITCHES OFF, 3. [ MOVE BLU AT SPRING 13 TO SPRING | 
9. CJ) INSERT PHOTORESISTOR CARD IN SOCKET. 4, [] MOVE BLU AT SPRING 14 TO SPRING 2: 


TO MAKE THE CIRCUIT RESPOND TO LIGHT, PUSH THE POWER SWITCH ON AND SHADE THE 
PHOTORESISTOR CARD. PLACE THE MAGNET S SOUTH POLE NEAR THE LEFT SIDE OF THE 
MAGNET SENSOR. THE TONE FREQUENCY WITHIN THE PULSES INCREASES WHEN THE LIGHT 
AT THE PHOTORESISTOR INCREASES. NOTE THAT TOO MUCH LIGHT MAY STOP THE TONE- 
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USE THE MAGNET TO TRIGGER TWO TONES 


ECE SRE THE MAGNET SENSOR TO THE VOLTAGE INPUT PIN OF A 555 TIMER IC 
CONNE AS AN AUDIO OSCILLATOR. YOU WILL THEN USE THE MAGNET TO CHANGE THE 
FREQUENCY OF THE TONE FROM A HIGH FREQUENCY TO A LOW FREQUENCY. 


PARTS YOU WILL NEED 


a76S5 

onnon —))_)— 

p sss] 

oe R2-10k (BRN-BLK-ORG) 
ae A | 


R3-150 (BRN-GRN-BRN) C1-0.1 UF (104) 
CIRCUIT DIAGRAM 


+9V +9V +9 +9V 


MAGNET 


1. BUILD THE CIRCUIT 
1. 0 PUSH POWER AND DISPLAY SWITCHES OFF. 9. O CONNECT T4 AND Q7 (WHT). 
INSERT 555 IC ACROSS SLOT (PIN 1 AT QS). 10. O CONNECT SPRING 7 TO +9V (RED). 


3. O INSERT R2 ACROSS R1O AND S10. 11. O CONNECT SPRING 8 TO GROUND 

4. O INSERT R3 ACROSS SPRING 25 AND +9V. (RED). 

5. O INSERT C1 ACROSS Q1 AND Ri. 12. C. CONNECT SPRING 9 TO T7? (RED). 
b. FO CONNECT Q3 AND GROUND (WHT). 13. C1 CONNECT SPRING 13 TO R9 (BLU). 
7. CO CONNECT Q10 TO +9V (RED). 14. C1 CONNECT SPRING 14 TO +9V (BLU). 
®. O CONNECT R4 AND S7 (WHT), 15. C1 CONNECT SPRING 24 TO S4 (RED). 


INSPECT THE CIRCUIT FOR ERRORS. ADJUST 100K CONSOLE POT R1 TO ITS MID-POINT AND PUSH 
THE POWER SWITCH ON. A BUZZ OR TONE SOUNDS FROM THE SPEAKER. PLACE THE SOUTH 
POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE FREQUENCY OF 
THE TONE SUDDENLY CHANGES. MOVE THE MAGNET AWAY, AND THE FREQUENCY RETURNS 

TO ITS FORMER VALUE. WITH THE MAGNET MOVED AWAY FROM THE MAGNET SENSOR, 
ADJUST 100K CONSOLE POT RI FOR THE DESIRED TONE FREQUENCY. REPEAT THE MAGNET 
EXPERIMENT. ROTATE R1 TO THE RIGHT, AND THE TONE HAS A HIGH FREQUENCY. WHEN YOU 
BRING THE MAGNET CLOSE TO THE MAGNET SENSOR, THE TONE STOPS. 


OFF. 3, C1 MOVE BLU AT SPRING 13 TO SPRING 1. 
1. G PUSH POWER AND DISPLAY SWITCHES 
2. FL INSERT PHOTORESISTOR CARD IN SOCKET. 4. CO MOVE BLU AT SPRING 14 TO SPRING 2. 
PLACE THE CIRCUIT IN A DARKENED ROOM. PUSH THE POWER SWITCH ON AND PLACE THE SOUTH 
POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR, THE SPEAKER EMITS A 
TONE THAT INCREASES IN FREQUENCY WHEN THE PHOTORESISTOR LIGHT LEVEL INCREASES. 
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“CAN LED 
USE THE TOUCH SENSOR TO_SWITCH OFF_AN net ie 


YOU WILL BUILD A SIMPLE TOUCH SWITCH FROM ONLY ONE 

NORMALLY AN LED WILL GLow. TOUCHING THE TOUCH SENSOR El Reine 
CIRCUIT INCLUDES A PAIR OF 100,000 OHM RESISTORS (Rt AND ROP 2 toe 

CMOS GATE FROM POSSIBLE DAMAGE CAUSED BY ELECTROSTATIC 


PARTS YOU WILL NEED 
14 13 12 11 10 4 — =a 


Rl, R2-100K (BRN-BLK-YEL) RED LED 
R3-10M (BRN-BLK-BLU) 
R4-470 (YEL-VIO-BRN) 


REp GROUND UNUSED INPUTS OF 4011 
LED (PINS 5, 6, 8, 9, 12 AND 13). 


1. BUILD THE CIRCUIT 
i. O PUSH POWER AND DISPLAY SWITCHES OFF. 8. 0 CONNECT L1 TO GROUND (WHT). 


2. CO INSERT 4011 IC ACROSS SLOT (PIN 1 AT FS). 9. O CONNECT F7 TO +9V (WHT). 

%. 1 INSERT R1 ACROSS SPRING 5 AND Fl. 10. CO. CONNECT F4 TO +9V (WHT). 

4. 1 INSERT R2 ACROSS SPRING & AND Gl. 11. O CONNECT Jl TO kl (WHT). 

Ss. 1 INSERT RS ACROSS G4 AND L7. 12. CO CONNECT k2 TO L2 (WHT). 

ct. © INSERT R4 ACROSS H3 AND NS. 13. O CONNECT G10 TO HI10 (WHT). 

7. DO INSERT LED ACROSS N4 (ANODE) AND 14. CO CONNECT k10 TO L10 (WHT). 
L4 (CATHODE). 15. OC CONNECT H9 TO k9 (WHT). 


16. O CONNECT L9 TO GROUND (WHT). 


CHECK YOUR WIRING FOR ERRORS AND BE SURE THAT ALL THE UNUSED INPUTS ARE 
CONNECTED TO GROUND. DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY 
TOUCHING A GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN ELECTRICAL LIGHT 
SWITCH PLATE. PUSH THE POWER SWITCH ON. THE LED GLOWS. PRESS THE TOUCH SENSOR 
WITH YOUR INDEX FINGER. THE LED SWITCHES OFF. REMOVE YOUR FINGER, AND THE LED 
GLOWS AGAIN. NOTICE THAT THE LED CONTINUES TO GLOW UNTIL You PRESS DOWN WITH 
YOUR FINGER. TRY VARYING THE PRESSURE ON THE TOUCH S\MITCH AND THE ANGLE OF YOUR 


FINGER TO SEE IF YOU CAN DIM THE LED INSTEAD OF swiT 
GENTLE TOUCH ALLOWS YOU TO Do THis. CHING IT OFF ABRUPTLY. A VERY 


LATER IN THIS MANUAL (PP. 62-67) YOU WILL INSERT THE CONDD 

cTl 
THE TOUCH SENSOR TO CONVERT IT TO A PRESSURE SENSOR. YOU Paris eves 
PRESSURE SENSOR WITH THIS TOUCH SENSOR PROJECT. INSERT THE FOAM PLASTIC PRESSURE 
SENSOR INTO THE TOUCH SENSOR APERTURE AND PRESS DOWN, THE LED SWITCHES OFF. 
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USE THE TOUCH SENSOR TO SWITCH ON AN LED 


YoU WiLL ADD A GATE TO THE CIRCUIT ON PAGE 52 TO BUILD A TOUCH SWITCH THAT 
SWITCHES ON AN LED. NORMALLY THE LED IS OFF. TOUCHING THE TOUCH SENSOR CAUSES 


r 
rT 


r 


HE LED TO GLOW. THE CIRCUIT RETAINS THE PAIR OF 100,000 OHM RESISTORS (R1 AND R2) 
HAT HELP PROTECT THE CMOS GATE FROM ELECTROSTATIC DISCHARGE. 


\ 0D ca) 1) 
HIS CIRCUIT IS A MODIFIED VERSION OF THE ONE ON PAGE 52. NO ADDITIONAL PARTS ARE 


NECESSARY. 
CIRCUIT DIAGRAM 


+Qv +9V 


LED 


R4 Ee 


470 “ 


RED 
LED GROUND UNUSED INPUTS OF 
S401 INS. 8, 9, 12 AND 13). 


_ MODIFY THE TOUCH SWITCH THAT SWITCHES OFF AN LED (. 52 


1. CO PUSH POWER AND DISPLAY SWITCHES OFF. 4. 1) INSERT R4 ACROSS I3 AND N3. 


~m 


9) 


oS 


i! Co 


REMOVE R4 ACROSS H3 AND N3. 5. O CONNECT H2 TO J2 (WHT). 
REMOVE WHT WIRE ACROSS k2 AND L2. 


. TEST THE EE 
CAUSE THIS CIRCUIT HAS BEEN MODIFIED FROM A PREVIOUS PROJECT, IT S ESPECIALLY 


—S 


mera 


MPORTANT TO MAKE SURE NO WIRES OR PARTS HAVE COME LOOSE. CHECK YOUR WIRING 
AREFULLY. IF YOU HAVEN T ALREADY DONE SO, DISCHARGE ANY STATIC ELECTRICAL CHARGE 


. YOUR BODY BY TOUCHING A GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN 
LECTRICAL LIGHT SWITCH PLATE. 


PUSH THE POWER SWITCH ON. THE LED WILL BE OFF. PRESS YOUR INDEX FINGER AGAINST 
THE TOUCH SENSOR. THE LED WILL GLOW. REMOVE YOUR FINGER, AND THE LED WILL SWITCH 


J 


Z 
Js 
AS 


OFF. EXPERIMENT WITH THE ANGLE OF YOUR FINGER FOR BEST RESULTS. 


GOING FURTHER 

WITH THE PROJECT ON PAGE 52, YOU CAN USE THE PRESSURE SENSOR WITH THIS TOUCH 
ENSOR PROJECT. JUST INSERT THE FOAM PLASTIC PRESSURE SENSOR INTO THE TOUCH 
SENSOR APERTURE AND PRESS DOWN GENTLY. THE LED WILL GLOW. NOTICE THAT THE CIRCUIT 


IS VERY SENSITIVE TO TOUCH WHEN OPERATED WITH THE PRESSURE-SENSITIVE FOAM. 


YOU HAVE PROBABLY ALREADY NOTICED THAT YOU CAN SWITCH THE LED ON BY SIMPLY 


+ 
A 
Ti 


OUCHING THE TOUCH SENSOR SPRINGS INSTEAD OF THE TOUCH SENSOR ITSELF. YOU CAN 
LSO BRIDGE YOUR INDEX FINGER ACROSS THE LEADS OF Ri AND R2. IT S BEST TO TOUCH 
HE LEADS OF R1 AND R2 THAT MAKE CONTACT WITH SPRINGS 5 AND 6. TOUCHING THE 


LEADS THAT ARE CONNECTED DIRECTLY TO THE INPUTS OF THE 4011 GATE MAY INTRODUCE 
STATIC ELECTRICITY THAT CAN DAMAGE THE GATE. 


USE THE TOUCH SENSOR TO SWITCH O \ TON 


YOU WILL BUILD A SIMPLE TOUCH SWITCH AND AN AUDIO TONE GENERATOR FROM THREE 
GATES IN A 4011 QUAD NAND GATE. NORMALLY THE TONE SOUNDS. TOUCHING YOUR FINGER 
TO THE TOUCH SENSOR WILL SWITCH OFF THE TONE. THE CIRCUIT INCLUDES A PAIR OF 


100,000 OHM RESISTORS (R1 AND R2) TO HELP PROTECT THE CMOS GATE FROM ELECTROSTATIC 
DISCHARGE. 


PARTS YOU WILL_NEED 


14131211109 8 
alabalalalale 


i WEEN! ©) 


Rl, R2-100k (BRN-BLK-YEL) C1-0.1 UF (104) 
cy ero R3-10M (BRN-BLK-BLU) 
CIRCUIT DIAGRAM 
+9v + 9V 


GROUND UNUSED INPUTS OF 4011 (PINS 5 AND 6). 


T1 SPKR 
25 


24 


TOUCH SENSOR 


1. BUILD THE CIRCUIT 
1 PUSH POWER AND DISPLAY SWITCHES OFF. ll. O CONNECT J1 TO Kl (WHT). 

INSERT 4011 IC ACROSS SLOT (PIN 1 AT FS). 12. G CONNECT K4Y TO GROUND (WHT). 
INSERT R1 ACROSS SPRING 5 AND Fl. 13. O CONNECT G10 TO HI10 (WHT). 
INSERT R2 ACROSS SPRING & AND Gl. 14. O CONNECT H9 TO J9 (WHT). 
INSERT R3 ACROSS G2 AND L2. 15. CL) CONNECT SPRING 14 TO J& (BLU). 
INSERT C1 ACROSS 10 AND KIO. le. C1 CONNECT SPRING 13 TO k& (BLU). 
CONNECT L1 TO GROUND (WHT). 17. C CONNECT SPRINGS 24 AND 25 (WHT). 
CONNECT F10 TO +9V (WHT). 18. C1 CONNECT SPRINGS 23 AND 26 (RED). 
CONNECT -F4 TO +9V (WHT). 19. CO CONNECT SPRING 28 TO GROUND 
. & CONNECT H4 TO L7 (WHT). (RED). 


20. C1 CONNECT SPRING 27 TO I8 (BLU). 


Sy oe i UE al al 
FE RUE RP RPP ee 


THIS CIRCUIT HAS 5 COMPONENTS AND 14 CONNECTION WIRES, SO CAREFULLY CHECK YOUR 
WIRING FOR ERRORS. BE SURE THAT UNUSED PINS 5 AND 6 OF THE 4011 ARE CONNECTED TO 
GROUND. DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A 
GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN ELECTRICAL LIGHT SWITCH PLATE. 
PUSH THE POWER SWITCH ON, AND YOU HEAR A BUZZ OR TONE. ADJUST THE 100k CONSOLE 


POT R4 UNTIL YOU LIKE THE SOUND, THEN PRESS THE TOUCH SWITCH. THE TONE CEASES. 
REMOVE YOUR FINGER, AND THE TONE RETURNS. 


Z, GOING FURTHER 


THIS CIRCUIT |S MORE SENSITIVE TO TOUCH WHEN THE BLACK CONDUCTIVE FOAM PRESSURE 


SENSOR IS INSERTED INTO THE TOUCH SENSOR APERTURE. THIS IS BECAUSE IT S MUCH 
LESS RESISTANCE THAN THE TIP OF YOUR FINGER. se 


“ : NSOR /\ 4 ON _A ie)" i 
You WILL A A GATE TO THE CIRCUIT ON PAGE 54 TO BUILD A TOUCH 

SWITCH THAT 
TURNS ON AN ADJUSTABLE TONE. NORMALLY THE TONE IS OFF. TOUCHING YOUR FINGER TO 
THE TOUCH SENSOR CAUSES THE TONE TO SOUND. THE CIRCUIT RETAINS THE PAIR OF 


100,000 OHM RESISTORS (R1 AND R2) THAT HELP PROTECT THE CMOS GATE FROM 
ELECTROSTATIC DISCHARGE. 


PARTS YOU WILL NEED 


THIS CIRCUIT IS A MODIFIED VERSION OF THE ONE ON PAGE 54. NO ADDITIONAL PARTS ARE 
NECESSARY. 


CIRCUIT DIAGRAM 


tOV = +9y 


Ri ‘ 
100 
5 


1 
RZ 
OK 2 
bie out ) 


NOTE THAT THIS CIRCUIT USES 
ALL FOUR GATES IN THE “Oil. 


r 
1 me SPKR 
24 
25 
28 26 


—NODIEY THE TOUCH SWITCH THAT SWITCHES ON A TONE (P. 54 


1. O PUSH POWER AND DISPLAY SWITCHES OFF. 4. O CONNECT H4 TO J4 (WHT). 
Cc REMOVE WHT WIRE ACROSS H4 AND L7. 5S. O CONNECT I4 TO L7 (WHT). 
. © REMOVE WHT WIRE ACROSS K4 AND GROUND. 


. TEST THE CIRCUIT 

ECAUSE THIS CIRCUIT HAS BEEN MODIFIED FROM A PREVIOUS PROJECT, IT S VERY IMPORTANT 
BE CHECK THAT NO WIRES OR PARTS HAVE COME LOOSE. IF YOU HAVEN T ALREADY DONE 

5 DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A GROUNDED 
METAL OBJECT. PUSH THE POWER SWITCH ON, AND YOU HEAR NOTHING. NOW PRESS YOUR 
INGER AGAINST THE TOUCH SENSOR. THE SPEAKER EMITS A TONE. ADJUST 100k CONSOLE 
POT R4 FOR THE MOST DESIRABLE SOUND WHEN THE SENSOR 1S TOUCHED. 


%. GOING FURTHER 

AS WITH THE CIRCUIT ON PAGE 54, THIS CIRCUIT IS MORE SENSITIVE TO TOUCH WHEN THE 
BLACK CONDUCTIVE FOAM PRESSURE SENSOR IS INSERTED INTO THE TOUCH SENSOR APERTURE. 
A VERY LIGHT TOUCH ON THE PRESSURE SENSOR WILL ACTIVATE THE TONE. YOU CAN ALSO 
CONTROL THE TONE BY PLACING A SMALL WEIGHT ON THE PRESSURE SENSOR. AN 
INTERESTING EXPERIMENT 1S TO TOUCH THE TOUCH SENSOR AFTER SLIGHTLY MOIS TENING 
YOUR FINGERTIP. THE TONE CONTINUES EVEN WHEN YOU REMOVE YOUR FINGER BECAUSE YOUR 
FINGER DEPOSITS A THIN FILM OF MOISTURE ACROSS THE TOUCH SENSOR ELECTRODES. THIS 
MOISTURE CONTINUES TO CONDUCT EVEN WHEN YOUR FINGER IS GONE, SO THE TONE REMAINS 
ON. EVENTUALLY, THE FILM OF MOISTURE EVAPORATES AND THE TONE CEASES. 


Ww Pp 


4 W |P 


> oO 


= W 
Tw 


TI 
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USE THE TOUCH SENSOR TO KEEP AN LED ON OR OFF 


YOU WILL BUILD A TOUCH SWITCH THAT SWITCHES ONE LED ON AND A SECOND LED OFF. 
THE LEDS REMAIN ON AND OFF FoR A FIXED TIME INTERVAL EVEN AFTER YOU REMOVE YOUR 
FINGER FROM THE TOUCH SENSOR. THIS CIRCUIT USES THE CONDUCTIVE FOAM PRESSURE 
SENSOR TO PROVIDE BETTER RESPONSE TO TOUCH. 


\ © A > 
- —I_— pp ii) 
1 R1, R3=-100K (BRN-BLK-YEL) 
cooooor «=OR2-10M (BRN-BLK-BLU) C1-100 UF GREEN LED PRESSURE SENSOR 
ta SYS 6 7 RY RS5-470 (YEL-VIO-BRN) RED LED 
CIRCUIT DIAGRAM 
*QV *9¥N 
R2 
{OM ‘i 
14 t00,uF 12 
‘i743 + a HE Os 8ITjq 10 1/4 {1 
see -2 | Ott Fe (|4o11  g | 401k O 13| 4014 O 
7 
R RY RS 
TOUCH SENSOR 100K 470 470 
GREEN RED 
VY LED \~ . ced 
al [s » 


1. BUILD THE CIRCUIT | 


PUSH POWER AND DISPLAY SWITCHES OFF. 10. O INSERT GREEN LED ACROSS S9 


2. 1 INSERT 4011 IC ACROSS SLOT (PIN 1 AT F5). (ANODE) AND GROUND (CATHODE). 

3. 1 INSERT R1 ACROSS SPRING 5 AND Fl. 11. O CONNECT L1 TO GROUND (WHT). 

4. 1 INSERT R2 ACROSS FY AND +9V. 12. O CONNECT F10 TO +9V (WHT). 

5. £1 INSERT R3 ACROSS K4 AND GROUND. 13. C CONNECT Jl TO kl (WHT). 

6. O INSERT R4 ACROSS J10 AND SIO. 14, O CONNECT I4 TO L7 (WHT). 

7. C1 INSERT RS ACROSS I8 AND 77. 15. O CONNECT G4 TO L8& (WHT). 

&. CO INSERT C1 ACROSS H2 (+) AND J2 (-). lo. C1 CONNECT H9 TO J9 (WHT). 

9. 1 INSERT RED LED ACROSS Te (ANODE) AND 17, CONNECT G10 TO HI1O (WHT). 
GROUND (CATHODE). 18. C1 CONNECT k10 TO L10 (WHT). 


19. C1 CONNECT SPRING & TO GROUND (RED). 


CHECK FOR ERRORS. BE SURE THAT THE EXPOSED LEADS OF C1, R21 AND R2 DO NOT TOUCH 
ONE ANOTHER. DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A 
GROUNDED METAL OBJECT. INSERT THE FOAM PLASTIC PRESSURE SENSOR INTO THE TOUCH 
SENSOR OPENING. PUSH THE POWER SWITCH ON, AND WAIT FOR THE RED LED To GLow. 
GENTLY TOUCH THE FOAM INSERT IN THE TOUCH SENSOR. THE RED LED SWITCHES OFF 
AND THE GREEN LED GLOWS FOR A TIME DETERMINED BY R3 AND Cl. THE GREEN LED GLOWS 
EVEN AFTER YOU REMOVE YOUR FINGER FROM THE TOUCH SENSOR. THIS CIRCUIT WORKS BEST 
WHEN THE CONDUCTIVE FOAM INSERT IS PLACED INTO THE TOUCH SENSOR. MOISTEN YOUR 
FINGER TIP AND REMOVE EXCESS MOISTURE WITH A CLOTH OR PAPER TOWEL. REMOVE THE 
FOAM INSERT FROM THE TOUCH SENSOR, TOUCH YOUR FINGER TIP AGAINST THE TOUCH 
SENSOR, AND THE RED LED SWITCHES OFF AND THE GREEN LED GLows. 
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- NE ON ORD OCEEa: arn 
YOU WILL MODIFY THE CIRCUIT ON PAGE 5b THA 


T SWITCHES A LED ON OR OFF SO THAT IT 
SWITCHES A TONE ON OR OFF. THE TONE REMAINS ON FO 


R A FIXED TIME INTERVAL EVEN 
AFTER YOU REMOVE YOUR FINGER FROM THE TOUCH SENSOR. 


(PARTS YOU WILL NEED 


8765 = CY GLE 
) pao | PE a MELEE 
p 588 R2-10K (BRN-BLK-ORG) C1-0.1 UF (104) PRESSURE SENSOR 
1234 R3-270 (RED-ViO-BRN) 
rCiRCUIT_ DIAGRAM | 
+4y +4V +9V 


© PIN 10 OF 4011 FOR NORMALLY ON TONE. 
o PIN 11 OF 4011 FOR NORMALLY OFF TONE. 


1. MODIFY THE CIRCUIT THAT KEEPS AN LED ON OR OFF 

PUSH POWER AND DISPLAY SWITCHES OFF. 8. CO CONNECT 01 TO GROUND (WHT). 
INSERT 555 IC ACROSS SLOT (PIN 1 AT 05). 9. & CONNECT 010 TO +9V (RED). 
INSERT R2 ACROSS P10 AND Q10. 10. LO. CONNECT R10 TO I? (RED). 
INSERT R3 ACROSS SPRING 23 AND +9V. ll. O CONNECT SPRING 13 TO P7 (BLU). 
INSERT C1 ACROSS O02 AND P2. 12. C1 CONNECT SPRING 14 TO +9V (BLU). 
CONNECT P4Y TO Q7 (WHT). 13. C11 CONNECT SPRING 24 TO Q4 (RED). 

/. LO) CONNECT R4 TO O7 (WHT). 

2. TEST THE CIRCUIT 

THE EXPANDED CIRCUIT IS PRETTY CROWDED, SO CHECK YOUR WIRING CAREFULLY TO MAKE 
SURE YOU HAVE MADE NO ERRORS. THEN INSERT THE PRESSURE-SENSITIVE BLACK FOAM 
CYLINDER INTO THE TOUCH SENSOR OPENING. PUSH THE POWER SWITCH ON. YOU WILL HEAR A 
TONE OR BUZZ. PRESS LIGHTLY ON THE FOAM INSERT IN THE TOUCH SENSOR, AND THE 
FREQUENCY OF THE TONE CHANGES DRAMATICALLY. TO OPERATE THE CIRCUIT IN A TONE 
ON-OFF MODE, PUSH THE POWER SWITCH OFF, REMOVE THE RED LED, AND PUSH THE POWER 
SWITCH ON. IF THE SPEAKER BUZZES, ROTATE 100k CONSOLE PoT R1 TOWARD THE LEFT 
UNTIL THE BUZZ STOPS. TOUCH THE FOAM INSERT IN THE TOUCH SENSOR, AND THE 


SPEAKER EMITS A TONE FOR A TIME DETERMINED BY R1 AND Cl. ApJusT Rl FOR THE BEST 
SOUND. 


cWhP 


Ooooou 


Lae TONE IS ON. TO CONNECT THE CIRCUIT SO THE 
THE cf T CONNECTED SO THAT THE 

Tone meee ere THE GREEN LED AND MOVE THE RED wRE AT 17 To 37. THE TONE IS 
SWITCHED OFF WHEN YOU) TOUCH THE FOAM INSERT IN THE SENSOR SWITCH OPENING. 


5? 


hos 
; RTO 


YOU WILL BUILD A SIMPLE TOUCH SWITCH FROM A SINGLE GATE IN A 4011 QUAD NAND GATE 
AND THE POWER FET. NORMALLY THE BUZZER SOUNDS. TOUCHING THE TOUCH SENSOR QUIETS 


THE BUZZER. AS WITH THE PREVIOUS CIRCUITS, THIS CIRCUIT INCLUDES TWO 100,000 OHM 
RESISTORS (RI AND R2) TO HELP PROTECT THE CMOS GATE FROM ELECTROSTATIC DISCHARGE. 


PARTS YOU WILL NEED 
acy nm 


Ri, R2-100K (BRN-BLK-YEL) 
R3-10M (BRN-BLK-BLU) 
R4-1k (BRN-BLK-RED) 


QI-POWER FET 
CIRCUIT DIAG 
+ 4y + 9V 4+9V 


Buzzer 
GROUND UNUSED INPUTS OF 401 
(PINS 5, 6, 8, 9, 12 AND 18). 


1. BUILD THE CIRCUIT 


PUSH POWER AND DISPLAY SWITCHES OFF. 11. 1 CONNECT BS TO +9V (WHT). 
INSERT 4011 IC ACROSS SLOT (PIN 1 AT FS). 12. CD CONNECT Jl TO kl (WHT). 


c. 

3. OJ INSERT Ql AT Ci (G), Bl (D) AND Al (S). —:13. (1 CONNECT k2 TO L2 (WHT). 

4. [1 INSERT Rl ACROSS SPRING 5 AND FI. 14. [1 CONNECT G10 TO H10 (WHT). 

S. 1 INSERT R2 ACROSS SPRING & AND Gl. 15. CO CONNECT k10 TO L10 (WHT). 

b. [J INSERT R35 ACROSS G4 AND L4. le. CO CONNECT H9 TO k? (WHT). 

7. [J INSERT R4 ACROSS C3 AND H5. 17. O CONNECT L7 TO GROUND (WHT). 
8. [1 CONNECT L1 TO GROUND (WHT). 18. C1 CONNECT SPRING 21 TO AS (RED) 
9. C1 CONNECT F10 TO +4V (WHT), 19, C1 CONNECT SPRING 22 TO GROUND 
10. (J CONNECT F2 TO +9V (WHT). (BLU). 


INSPECT YOUR WIRING AND FIX ANY ERRORS. BE SURE THAT ALL T TS 
ARE CONNECTED TO GROUND. DISCHARGE STATIC ELECTRICITY ON barr pe A 
GROUNDED METAL OBJECT, SUCH AS A SCREW ON A LIGHT SWITCH PLATE. PUSH THE POWER 
SWITCH ON AND THE BUZZER SOUNDS. PRESS THE TOUCH SENSOR WITH YOUR FINGER AND 
THE BUZZER IS SILENT. REMOVE YOUR FINGER AND THE BUZZER SOUNDS AGAIN. NOTE THAT 
THE BUZZER CONTINUES TO SOUND UNTIL YOU PRESS DOWN ON THE TOUCH SENSOR YOU 
SHOULDN T HAVE TO PRESS DOWN VERY HARD UNLESS YOUR SKIN IS UNUSUALLY DRY VARY 
THE PRESSURE AND THE ANGLE OF YOuR FINGER FoR BEST RESULTS. 


AS WITH PREVIOUS TOUCH SENSOR PROJECTS, YOU CAN USE THE PRESSURE SENSOR WITH 
THIS PROJECT. INSERT THE FOAM PLASTIC PRESSURE SENSOR INTO THE TOUCH SENSOR 
APERTURE AND PRESS VERY GENTLY. THE BUZZER TS SILENT. 
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USE THE TOUCH SENSOR TO SWITCH THE BUZZER ON 


You WILL ADD A GATE TO THE CIRCUIT ON PAGE 58 TO BUILD A TOUCH SWITCH THAT 
ACTIVATES THE BUZZER. THE BUZZER IS SILENT UNTIL You TOUCH THE TOUCH SENSOR. 
THE CIRCUIT RETAINS THE TWO 100,000 OHM RESISTORS (RL AND R2) THAT HELP PROTECT 
THE CMOS GATE FROM ELECTROSTATIC DISCHARGE. 

A ) 


THIS CIRCUIT IS A MODIFIED VERSION OF THE ONE ON PAGE 58. NO ADDITIONAL PARTS ARE 
NECESSARY. 


CIRCUIT DIAGRAM 


+QV +9y +9y 


i 
2 

2 
b 100K 


SROUND UNUSED INPUTS OF 4011 (PINS 8, 9, 12, AND 13). 


1. MODIFY THE TOUCH SWITCH THAT SWITCHES OFF BUZZER (P. 58 
1 PUSH POWER AND DISPLAY SWITCHES OFF. 3. (1 REMOVE WHT WIRE ACROSS k2 AND L2. 
2. C1 REMOVE R4 ACROSS C3 AND #3. 4. C1 INSERT R4 ACROSS C3 AND IS. 
5. (1 CONNECT H2 TO J2 (WHT). 


2. TEST THE CIRCUIT 

BECAUSE YOU HAVE MODIFIED A CIRCUIT THAT YOU PREVIOUSLY BUILT, SOME WIRES OR PARTS 
WAY HAVE COME LOOSE, SO IT'S IMPORTANT TO CHECK YOUR WIRING CAREFULLY. IF YOU 
HAVEN'T ALREADY DONE SO, DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YOUR BODY BY 
TOUCHING A GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN ELECTRICAL LIGHT 


SWITCH PLATE. 


PUSH THE POWER SWITCH ON, AND NOTHING HAPPENS. NOW PRESS YOUR INDEX FINGER 
AGAINST THE TOUCH SENSOR. THE BUZZER SOUNDS. REMOVE YOUR FINGER, AND THE BUZZER 


IS SILENT. 


. G T 

YOU CAN USE THE PRESSURE SENSOR WITH THIS TOUCH SENSOR PROJECT. INSERT THE FOAM 
PLASTIC PRESSURE SENSOR INTO THE TOUCH SENSOR APERTURE AND TOUCH OR PRESS DOWN 
GENTLY ON THE FOAM PLASTIC. THE BUZZER SOUNDS. NOTE THAT THE CIRCUIT IS MUCH 
MORE SENSITIVE TO TOUCH WHEN THE PRESSURE-SENSITIVE FOAM IS USED. 


AS WITH OTHER TOUCH SENSOR PROJECTS, YOU CAN BYPASS THE SENSOR AND USE YOUR 
FINGER TO BRIDGE SPRINGS 5 AND 6 OR THE LEADS OF RESISTORS RI AND R2. BE SURE TO 
TOUCH THE LEADS OF R1 AND R2 THAT MAKE CONTACT WITH SPRINGS 5 AND 6. TOUCHING 
THE LEADS THAT ARE CONNECTED DIRECTLY TO THE INPUTS OF THE 4011 GATE MAY 
INTRODUCE STATIC ELECTRICITY THAT CAN DAMAGE THE GATE, 
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SE A TOUCH SENSOR TO TURN GREEN LED ON/RE 
YOU WILL USE ALL FouR GATES IN A 4011 TO BUILD A RED /GREEN LED TOUCH pele 
NORMALLY THE RED LED GLOWS. TOUCHING THE TOUCH SENSOR EXTINGUISHES RED LED 
AND CAUSES THE GREEN LED TO GLOW. 


1 — 
Rl, R2-LOOK (BRN-BLK-YEL) RED LED 


R3-10M (BRN-BLK-BLU) GREEN LED 
R4, R5-470 (YEL-VIO-BRN) 


S 


i 
R2 
2 


TOUCK SENSOR 


470 
h 
FLAT 
RED \ SPoT 
SN LED BS 3 


1. BUILD THE CIRCUIT 


1. C1 PUSH POWER AND DISPLAY SWITCHES OFF. 10. C1 CONNECT L1 TO GROUND (WHT). 
. CL INSERT 4011 IC ACROSS SLOT (PIN 1 AT F5). 11. C1 CONNECT F10 TO +9V (WHT). 


2 

3. £1 INSERT R1 ACROSS SPRING 5 AND Fi. 12, C1) CONNECT F2 TO +9V (WHT). 
4. CO INSERT R2 ACROSS SPRING & AND Gl. 13. O CONNECT H2 TO J2 (WHT). 
5. CJ INSERT R35 ACROSS G4 AND L4. 14. O CONNECT J1 TO k2 (WHT) 
b. C INSERT R4 ACROSS J10 AND SiO. 
7 
8 


15. O CONNECT 
_ © INSERT R5 ACROSS I7 AND T7, CT IN TO G? (WHT). 


16, [1 CONNECT H4 TO k? (WHT). 
. O INSERT GREEN LED ACROSS S9 (ANODE) 1). O CONNECT G10 To fe phase 
AND GROUND (CATHODE). 18. C1 CONNECT k10 TO L10 (WHT). 
q. © INSERT RED LED ACROSS Te (ANODE) 


AND GROUND (CATHODE). 


ALONE. IF NOT, INSERT THE FOAM PLASTic PRE 


- 
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USE A TOUCH SENSOR TO CHANGE THE TONE FREQUENCY 


COMBINE TWO GATES IN THE 4011 WITH A 555 CONNECTED AS AN AUDIO OSCILLATOR TO 
BUILD A TOUCH-CONTROLLED OSCILLATOR. NORMALLY THE SPEAKER EMITS AN ADJUSTABLE 
TONE. THE TONE BECOMES A BUZZ OR IS SILENCED BY TOUCHING THE TOUCH SENSOR. 


PARTS YOU WILL NEED 


+9v +9y 
Ri 
100K 
= v 1 zi S 
- 1/4 2 1/ 
RZ at 4 
S) 4, 100K SN 901 ye 4011 P 
7 
TOUCH SENSOR 
R3 
10% 


5 
4 
b 
7 
8 
9 


14131211109 8 


ag |) 


123 93S6¢ ¥ 


Rl, R2-100K (BRN-BLK-YEL) 
R3-10M (BRN-BLK-BLU) 
RS-10K (BRN-BLK-ORG) 


parr) 


C1-0.1 UF (104) 


R&-270 (RED-VIO-BRN) 


‘CIRCUIT DIAGRAM 


- BUILD THE CIRCUIT 

T PUSH POWER AND DISPLAY SWITCHES OFF. 
INSERT 
INSERT 
INSERT 
INSERT 
INSERT 
INSERT 
- O INSERT 
- O INSERT 


fe 


Rl ACROSS SPRING 5 AND FI. 
R2 ACROSS SPRING 6 AND Gl. 
R3 ACROSS G4 AND L4. 

RS ACROSS RIO AND SIO. 

R& ACROSS C8 AND +9V. 

C1 ACROSS Q!1 AND RI1. 


10. C) CONNECT L1 TO GROUND (WHT). 
ll. 1) CONNECT F10 TO +9V (WHT). 

12. (1) CONNECT F2 TO +9V (WHT). 

13. CO CONNECT H2 TO J2 (WHT). 

14. O CONNECT J1 TO Kl (WHT). 


4011 IC ACROSS SLOT (PIN 1 AT FS). 
555 IC ACROSS SLOT (PIN 1 AT QS). 


RY 
100K 


RS 
10K 


GROUND UNUSED INPUTS 
OF 4011 (PINS 8, 
9, 12, AND 13). 


eral 


— 
— - 


CONNECT 
CONNECT 


G10 TO H10 (WHT). 

K10 TO L10 (WHT). 
CONNECT H? TO K9 (WHT). 
CONNECT L9 TO GROUND (WHT). 
CONNECT Q4 TO GROUND (WHT). 
CONNECT R4 TO S? (WHT). 
CONNECT T4 TO Q? (WHT). 
CONNECT Q10 TO +9V (RED). 
CONNECT I4 TO T? (RED). 
CONNECT SPRING 13 TO R7 (BLU). 
CONNECT SPRING 14 TO +9V (BLU). 
CONNECT SPRING 23 TO C10 (RED). 
CONNECT SPRING 24 TO S4 (RED). 


EE Ree bpeooeeaebab 


CHECK YOUR WIRING FOR ERRORS. DISCHARGE ANY STATIC ELECTRICITY ON YOUR BODY BY 
TOUCHING A GROUNDED METAL OBJECT. ROTATE 100k CONSOLE PoT R4Y TO ITS MIDPOINT. 
PUSH THE POWER SWITCH ON AND A TONE SOUNDS. ADJUST THE TONE TO YOUR LIKING BY 
ROTATING R4. TOUCH THE TOUCH SENSOR. THE TONE EITHER CEASES ENTIRELY OR BECOMES A 
BUZZ. IF THE CIRCUIT DOESN T RESPOND TO TOUCH, PRESS YOUR FINGER AT A DIFFERENT 
ANGLE. ADJUST R4Y TO SILENCE THE CIRCUIT WHEN YOU TOUCH THE SENSOR. 


& 
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BUILD A PRESSURE-SENSITIVE RISING TONE OSCILLATOR 


THE SENSOR CIRCUITS DESCRIBED IN THE PREVIOUS SECTION (P. 52-61) ARE PRESSURE SENSITIVE 
TO THE EXTENT THAT THEY CAN BE INFLUENCED BY HOW HARD YOU PRESS THE TOUCH 
SENSOR. THE CIRCUITS ON PAGES 62-67 ARE SPECIFICALLY DESIGNED TO BE PRESSURE 
SENSITIVE. THIS IS ACHIEVED BY PLACING A SMALL CYLINDER OF ELECTRICALLY CONDUCTIVE 
BLACK FOAM PLASTIC OVER THE TOUCH SENSOR ELECTRODES. YOU WILL LEARN HOW TO USE 
THIS PRESSURE-SENSITIVE FOAM BY BUILDING AN OSCILLATOR THAT EMITS AN AUDIO TONE. 
THE TONE FREQUENCY RISES WHEN YOU PRESS ON THE PRESSURE SENSOR. 


PARTS YOU WILL NEED 


87 ¢S —))_)— 
R1-IM (BRN-BLK=GRN) C1-0.001 UF (102) PRESSURE SENSOR 
Les R2-270 (RED-VIO-BRN) 
CIRCUIT DIAG 
+9V +9y +9y 


1 
0.001 uF 


1. THE T 
PUSH POWER AND DISPLAY SWITCHES OFF. 7. O CONNECT J1O TO +9V (WHT). 
INSERT 555 IC ACROSS SLOT (PIN 1 AT JS). 8. CO CONNECT k4 TO L? (WHT). 


INSERT R1 ACROSS L10 AND KIO. 9. C1 CONNECT M4 TO J? (WHT). 


INSERT R2 ACROSS £8 AND J8. 10. C1 CONNECT SPRING 5 TO +9V (RED). 
INSERT C1 ACROSS J1 AND KI. 


11, C1 CONNECT SPRING & TO k? (RED). 
CONNECT J2 TO GROUND (WHT), 12. CO CONNECT SPRING 23 TO E10 (RED). 
15. CJ CONNECT SPRING 24 TO L4 (RED). 


Ue a 
boooou 


ECOMES A TONE SOUNDS AS YOU CONTINUE TO 
PRESS DOWN ON THE SENSOR. RELAX THE PRESSURE AND THE TONE FREQUENCY FALLS. MOVE 
YOUR FINGER. THE TONE BECOMES A SLow Buzz OR THE SPEAKER BECOMES SILENT. 
%. GOING FURTHER 


ENTS CAUSE TONE FREQUENCY CHANGES. 
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BUILD _A_PRESSURE-SENSITIVE FALLING TON OSCILLATOR 


BUILD AN AUDIO OSCILLATOR THAT CREATES A TONE F ? 
REQUENCY THAT FALLS WIT 
THIS CONTRASTS WITH THE PREVIOUS CIRCUIT, WHERE THE FREQUENCY RisEs WITH PRESSURE, 


P D 
a7 6S ; “ 
oonn —))_ w ge) 
R3-10k (BRN-BLK-ORG) Hh pressing SENSOR 
R4-270 (RED-VIO-BRN) 


CIRCUIT DIAGRAM 


aut V, +9V +Gy 


1. BUILD THE CIRCUIT 


1. D PUSH POWER AND DISPLAY SWITCHES OFF. 10. C1 CONNECT SPRING 5 TO +9V (RED). 
INSERT 555 IC ACROSS SLOT (PIN 1 AT J5). 11. CX CONNECT SPRING & TO M& (RED). 


3. C INSERT R3 ACROSS L10 AND k10. 12. C1 CONNECT SPRING 10 TO GROUND 
4. O INSERT R4 ACROSS £8 AND J8. (RED). 

5. O INSERT Cl ACROSS J! AND KI. 13. C1 CONNECT SPRING 11 TO M9 (RED). 
6. O CONNECT 32 TO GROUND CWHT). 14. ( CONNECT SPRING 13 TO K9 (BLU). 
7. O CONNECT 310 TO +9V (WHT). 15. C1 CONNECT SPRING 14 TO +9V (BLU). 
8. O CONNECT K4 TO L7 (WHT). lb, C CONNECT SPRING 23 TO E10 (RED). 
9. O CONNECT M4 TO 37 (WHT). 17, CO CONNECT SPRING 24 TO L4 (RED). 


2. TEST THE CIRCUIT 

CHECK WIRING FOR ERRORS. INSERT THE BLACK FOAM CYLINDER INTO THE TOUCH SENSOR 
OPENING. ROTATE 10K CONSOLE POT RI TO ITS MID-POINT. PUSH THE POWER SWITCH ON. AN 
AUDIO TONE SOUNDS. ADJUST 100K CONSOLE POT R2 UNTIL THE TONE FREQUENCY IS REASON 
ABLY PLEASANT. NOW PRESS DOWN ON THE PRESSURE SENSOR WITH YOUR FINGER. THE 
FREQUENCY OF THE TONE FALLS. YOU CAN ADJUST BOTH Ri AND R2 TO ALTER THE CIRCDIT 
TONE RANGE. R1 AND THE PRESSURE SENSOR FORM A VOLTAGE DIVIDER, SO PRESSING DOWN 
ON THE PRESSURE SENSOR OR ADJUSTING RI CHANGES THE VOLTAGE AT THE CONTROL 
INPUT (PIN 5) OF THE 555, THIS CHANGES THE TONE FREQUENCY, R2 IS INDEPENDENT OF THE 
PRESSURE SENSOR. CHANGING ITS VALUE CHANGES THE TONE FREQUENCY, 


3. GOING FURTHER 

THE EXPERIMENTS DESCRIBED IN GOIN 
CIRCUIT. CAUTION: AVOID USING HEAV 
FROM FALLING ON THE CONSOLE. 


G FURTHER ON PAGE &2 CAN ALSO BE TRIED WITH THIS 
Y OBJECTS AND USE CARE TO PREVENT THE OBJECT 
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BUILD A PRESSURE-ACTIVATED TONE GENERATOR 
BUILD A CIRCUIT THAT PRODUCES A TONE ONLY WHEN THE PRESSURE SENSOR IS PRESSED. IT 
CAN BE EASILY MODIFIED TO PRODUCE A TONE THAT IS SWITCHED OFF BY PRESSURE. 


PARTS YOU WILL NEED 


8776S 1413 1211109 8 i GLEE 
oooo ahetatatetets —))_-— ) Eien 
a es Wee ‘ RI-IM (BRN-BLK-GRN) C1-0.1 UF (104) PRESSURE SENSOR 
ERPRE RP LEGA 
RE SGE RE Lowe eS 
a Foe | 
CIRCUIT DIAGRAM 
+9y +9V +9Vv TV. 
S 
rs) T1 SPKR 
Ri she) Led 
TOUCH SENSOR 1M 2 z|xou > feleous a7 24 
+ aa 
Mf 17 R2 12| R3 CE 
iM 10K 44 O.1 uF = i 
iS 4e Took 28 26 
GROUND UNUSED INPUTS OF 4011 (PINS 8, 9, 12 AND 13). 
1. BUILD THE CIRCUIT 
1. CJ PUSH POWER AND DISPLAY SWITCHES TO OFF.17. O CONNECT SPRING 5 TO +9V (RED). 
2. CJ INSERT 272 IC ACROSS SLOT (PIN 1 AT E5). 18. C1 CONNECT SPRING 10 TO +9V (BLU). 
3. C1 INSERT 4011 IC ACROSS SLOT (PIN 1 AT NS). 19. CO. CONNECT SPRING 11 TO FI (RED). 
4. (1) INSERT R1 ACROSS SPRING 6 AND Gl. 20. C1 CONNECT SPRING 12 TO GROUND 
5. [1 INSERT C1 ACROSS O1 AND Ql. (RED). 
6. 1 CONNECT Hi TO GROUND (WHT). 21. C1 CONNECT SPRING 13 TO 02 (RED). 
7. 11 CONNECT E10 TO +9V (WHT). 22. C1 CONNECT SPRING 14 TO P2 (BLU). 
8. 1 CONNECT T4 TO GROUND (WHT). 23. C CONNECT SPRING 16 TO GROUND 
9. (1) CONNECT N9 TO +9V (RED). (BLU). 
10. C) CONNECT E4 TO N4 (WHT). 24. C1 CONNECT SPRING 17 TO G3 (BLU). 
11. 1 CONNECT PS TO R35 (WHT). 25. C11 CONNECT SPRING 18 TO +9V (BLU). 
12. C1 CONNECT R2 TO S2 (WHT). 26. CJ CONNECT SPRINGS 23 AND 26 (RED). 
13. (1 CONNECT 010 TO PLO (WHT). 27. C1 CONNECT SPRINGS 24 AND 25 (WHT). 
14. ( CONNECT P9 TO S9 (WHT). 28. C1 CONNECT SPRING 27 TO Q34 (RED). 
15. ( CONNECT S10 TO T10 (WHT), 29. C1 CONNECT SPRING 28 TO GROUND 
lt. (1 CONNECT T9 TO GROUND (WHT). (RED). 


CHECK FOR ERRORS. ADJUST 100K CONSOLE POT R4 2/3 TO THE RIGHT. ADJUST 10K AND IM 
CONSOLE POTS R3 AND R2 TO THEIR MID-POINTS. INSERT THE PRESSURE-SENSITIVE FOAM 
CYLINDER INTO THE TOUCH SENSOR OPENING. NOW PUSH THE POWER SWITCH ON. IF You 
HEAR A TONE, ADJUST R2 OR R3 TO THE RIGHT UNTIL THE TONE STOPS. PRESS GENTLY ON 
THE PRESSURE SENSOR. YOU SHOULD HEAR A TONE. REVERSE THE CIRCUIT OPERATION BY 
REMOVING THE RED WIRE BETWEEN SPRING 5 AND +9V. CONNECT A RED WIRE FROM SPRING 5 
TO GROUND. ADJUST R2 AND R3 UNTIL THE TONE STOPS WHEN THE SENSOR IS PRESSED. 
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USE PRESSURE TO SPEED UP A FLASHING LED 


MANY CIRCUITS CAN CHANGE THE RATE AT WHICH A LED FLASHES. MOST ARE CONTROLLED 
BY ADJUSTING A POTENTIOMETER. THE CIRCUIT YOU ARE ABOUT TO BUILD IS UNIQUE BE 
CAUSE YOU CONTROL THE LED FLASH RATE BY SIMPLY PRESSING DOWN ON THE PRESSURE 


SENSOR. YOU WILL BUILD THE CIRCUIT AND ADsuUST A CONTROL POTENTIOMETER TO GIVE 
VARIOUS EFFECTS. 


PARTS YOU WILL NEED 
ono —=))_)— Spe") iah) = 


—! R2-10k (BRN-BLK-ORG) Cl-1 UF RED LED 
“ — R3-470 (YEL-VIO-BRN) 


CIRCUIT DIAGRAM 


PRESSURE SENSOR 


i =z 


+ 9y + Qy +9y 


1. BUILD THE CIRCUIT 


1. C) PUSH POWER AND DISPLAY SWITCHES OFF. 8. CO CONNECT J10 TO +9V (WHT). 
INSERT 555 IC ACROSS SLOT (PIN 1 AT J5). 9. O CONNECT K4 TO L? (WHT). 


C) 


c. 

5. 0 INSERT R2 ACROSS L10 AND KIO. 10. C1 CONNECT M4 TO J7 (WHT). 

1. O INSERT R3 ACROSS I5 AND +9V. 11. CO CONNECT SPRING 5 TO +9V (RED). 
5- LO) INSERT Cl ACROSS K1 (+) AND JI (-). 12. [1 CONNECT SPRING & TO K& (RED). 
6. L) CONNECT J2 TO GROUND (WHT). 13. C1 CONNECT SPRING 16 TO K? (BLU). 
_ a 


- LU INSERT RED LED ACROSS I4 (ANODE) AND 14. [1 CONNECT SPRING 17? TO +9V (BLU). 
L4 (CATHODE). 


2. TEST THE CIRCUIT 


CHECK YOUR WIRING FOR ERRORS. INSERT THE PRESSURE-SENSITIVE BLACK FOAM CYLINDER 
INTO THE TOUCH SENSOR OPENING. ROTATE IM CONSOLE POT Rl TO ITS MID-POINT, THEN 
PUSH THE POWER SWITCH UP. THE LED FLASHES A FEW TIMES PER SECOND. PRESS DOWN 

ON THE PRESSURE SENSOR. THE LED FLASH RATE SPEEDS UP DRAMATICALLY. WHEN THE 
FLASH RATE REACHES AROUND 1¢ FLASHES PER SECOND, THE LED APPEARS TO GLOW 
CONTINUOUSLY. ADJUST R1 TO ALTER THE OVERALL FLASH RANGE. FOR EXAMPLE, WHILE PRESS 
ING DOWN ON THE PRESSURE SENSOR, ADJUST R1 UNTIL YOU ACHIEVE A DESIRED FLASH 
RATE, THEN RELEASE THE PRESSURE TO SEE WHAT HAPPENS, 


FOR A SLOWER FLASH RATE, REPLACE C1 WITH A 4.7 UF CAPACITOR. YOU CAN ALSO REPLACE 
THE RED LED WITH A GREEN LED. IN BOTH CASES, BE SURE TO OBSERVE POLARITY. 
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USE PRESSURE 10 SLOW A FLASHING LEV 

SLOWING DOWN A FLASHING LED IS A BIT MORE COMPLICATED THAN SPEEDING UF THE FLASH 
RATE. YOU WILL USE THE CONTROL INPUT OF A 555 I¢ TO SLOW DOWN A FLASHING LED BY 
CONNECTING THE PRESSURE SENSOR AND A POTENTIOMETER IN SERIES TO FORM A VOLTAGE 
DIVIDER. PRESSING DOWN ON THE PRESSURE SENSOR CHANGES ITS RESISTANCE. THIS ALTERS 
THE VOLTAGE THAT THE DIVIDER APPLIES TO THE CONTROL INPUT OF THE 550. 


PARTS YOU WILL NEED 


s ih — le => ee 
R3-10K (BRN-BLK-ORG) Cl-1 UF RED LED RESSURE SENSOR 


R4-470 (YEL-VIO-BRN) 
CIRCUIT DIAGRAM 


LED 


1. BUILD THE CIRCUIT 
i. [1 PUSH POWER AND DISPLAY SWITCHES OFF. 


8. CJ CONNECT J10 TO +9V (WHT). 


2. 1 INSERT 555 IC ACROSS SLOT (PIN 1 AT J5). 9. C1 CONNECT M4 AND J7 (WHT). 

3. 1 INSERT R3 ACROSS K10 AND L1O. 10. O CONNECT k4 AND L7 (WHT). 

4. O) INSERT R4 ACROSS HI AND +9V. ll. C1 CONNECT SPRING 5 TO +9V (RED). 

6. (1 INSERT LED ACROSS H3 (ANODE) AND L313. C] CONNECT SPRING 13 TO GROUND (RED). 
(CATHODE). 


14. 1 CONNECT SPRINGS 14 AND 6 (BLU). 
1S. 1 CONNECT SPRING 16 TO k? (BLU). 
16, CL) CONNECT SPRING 17 TO J9 (BLU). 


7. O CONNECT 32 AND GROUND (WHT), 


CHECK FOR ERRORS. THE 100k CONSOLE POTENTIOMETER R1 AND THE PRESSURE SENSOR 
CONTROL CHANGES IN THE LED FLASH RATE. ROTATE RI ALL THE WAY TO THE LEFT. THE IM 
CONSOLE POTENTIOMETER R2 CONTROLS THE BASIC FLASH RATE oF THE LED. ADJUST R2 TO 
ITS MID-POINT. INSERT THE PRESSURE-SENSITIVE BLACK FOAM CYLINDER INTO THE TOUCH 
SENSOR OPENING, THEN PUSH THE POWER SWITCH oN. THE LED FLASHES. PRESS DOWN ON 
THE FOAM PLASTIC PRESSURE SENSOR, AND THE FLASH RATE OF THE LED SLOWS. YOU CAN 


BETTER SEE THE CHANGE BY ROTATING R2 UNTIL THE FLASHES FROM THE LED MERGE 
TOGETHER. NOW WHEN YOU PRESS DOWN ON THE PRESSURE SENS 
RATE IS MORE APPARENT. NSOR, THE SLOWER FLASH 
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BUILD A SIMPLE SCALE WITH A BARGRAPH READOU 

CONNECT THE PRESSURE SENSOR TO THE LED BARGRAPH READOUT TO FORM AN ELECTRONIC 
SCALE. A 272 OPERATIONAL AMPLIFIER MULTIPLIES THE PRESSURE TEN TIMES TO INCREASE THE 
SENSITIVITY OF THE SCALE. A GREEN LED GLOWS TO INDICATE THE READOUT IS OFF-SCALE. 


PARTS YOU NEED 


—_ 


Q 2 bs + a) ea cg ey, De 

A R2-IM (BRN-BLK-GRN) aie 

bh 272 R3-10K (BRN-BLK-ORG) GREEN LED PRESSURE SENSOR 
= R4-100K (BRN-BLK-YEL) 
i234 RS-150 (BRN-GRN-BRN) 


“CiRCUIT DIAGRAM 
+QV +9V ‘THY 


TOUCK SENSOR 


1. BUILD THE CIRCUIT 
. 5 PUSH POWER AND DISPLAY SWITCHES OFF. 9. 11 CONNECT J10 TO +9V (WHT). 
INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 10. C1 CONNECT SPRING 5 AND +9V (RED). 


mK 


3. CO INSERT R2 ACROSS G3 AND L3. 11. O CONNECT SPRING & TO Gl (RED). 

4. DO INSERT R3 ACROSS k2 AND GROUND. 12. C1 CONNECT SPRING 19 TO J4 (RED). 

S. 1 INSERT RY ACROSS Ji AND KI. 13. C1 CONNECT SPRING 16 TO +9V (BLU). 

c. C1 INSERT RS ACROSS A& AND +9V. 14. O CONNECT SPRING 17 TO G4 (BLU). 
“I INSERT LED ACROSS A& (ANODE) AND 15. CO CONNECT SPRING 18 TO GROUND (BLU). 
De (CATHODE). 16. CO CONNECT SPRING 29 TO DIO (BLU). 


Oo 


[ CONNECT M1 TO GROUND (WHT). 


2. TEST THE CIRCUIT 

CHECK FOR ERRORS. INSERT THE BLACK FOAM CYLINDER INTO THE TOUCH SENSOR OPENING. 
ROTATE IM CONSOLE POT R1 ALL THE WAY TO THE LEFT. PUSH THE POWER SWITCH UP AND 
PISH THE DISPLAY MODE SWITCH TO DOT. ROTATE R1 TO THE RIGHT UNTIL ONLY READOUT LED 
1 GLOWS. GENTLY PRESS DOWN ON THE PRESSURE SENSOR. A GLOWING LED MOVES UP THE 
READOUT AS THE PRESSURE INCREASES. WHEN THE PRESSURE CAUSES THE READOUT TO GO 
OFF SCALE, THE GREEN LED GLOWS. RELAX THE PRESSURE ON THE SENSOR AND A GLOWING 
LED MOVES BACK DOWN THE READOUT. 


5. GOING FURTHER 
INCREASE THE SCALE SENSITIVITY BY REPLACING R3 WITH A 1k RESISTOR. REMOVE R35 AND 
INSERT THE 1k RESISTOR ACROSS k2 AND GROUND. THE CIRCUIT IS NOW SO SENSITIVE THAT 


EVEN VERY GENTLE PRESSURE SENDS THE READOUT OFF SCALE. 6? 


- pS = iy 
THE PROBE SENSOR CARD CAN BE CONNECTED DIRECTLY TO THE veh ey nee Mel 
SIMPLE RESISTANCE SENSOR. YOU WILL BUILD THIS CIRCUIT AND fae Nr 
OF YOUR SKIN AND WATER. YOU WILL ALSO BUILD A SIMPLE TIMER 


PARTS YOU WILL NEED 
al a) person 7 


H | | 0.1 UF (04) ia 


— 
—— 


CIRCUIT DIAGRAM 


TO CONSOLE Ny NOT TOUCH 


4 CAPACITOR 


LEADS. 


Se 


OO00000000 


READOUT 


1. BUILD THE CIRCUIT 

_ 1 PUSH POWER AND DISPLAY SWITCHES OFF. 4 
. C1 INSERT PROBE CARD IN REMOTE LINK SOCKET. 5 
1 INSERT REMOTE LINK INTO SENSOR SOCKET. 


i CONNECT SPRINGS 1 AND 19 (BLU). 
‘ CONNECT SPRINGS 2 AND 20 (BLU). 


OO 


REMOVE ELECTRICAL CHARGE FROM YOUR BODY. PLACE PROBE SENSOR CARD SO EXPOSED PROBES 
DO NOT TOUCH ANYTHING. PUSH THE POWER SWITCH ON AND THE DISPLAY MODE SWITCH TO 
DOT. READOUT LED 10 GLOWS, INDICATING RESISTANCE BETWEEN EXPOSED PROBES. 

SKIN RESISTANCE: GENTLY PRESS THE PROBES AGAINST A FINGER TIP. THE GLOWING LED 
MOVES DOWNWARD. PRESS SLIGHTLY HARDER AND EVENTUALLY LED 1 GLOWS. MOISTEN YOUR 
FINGER TIP AND REPEAT. LESS PRESSURE IS NEEDED To MOVE THE GLOWING LED FROM 10 TO 
1, BECAUSE MOISTURE GREATLY REDUCES THE REsis 


ESISTANCE: INSERT P TANCE BETWEEN THE PROBES. 
WATER RESISTANCE: ROBES A SHORT DISTANCE 
GLOWING LED INDICATES IF THE WATER RESISTA INTO WATER, THE POSITIONTOR Iii 


NCE IS LOW OR HIGH, 
CAPACITOR TIMER: TOUCH THE LEADS OF A 0.1 


oB YCLE CONTINUES UNTIL LED 10 GLOWS. 


BUILD A HIGH-SENSITIVITY SKIN RESISTANCE MONITOR 


yOU CAN DETECT SKIN RESISTANCE WITH A LED READOUT AND NO OTHER COMPONENTS. USE 
AN OPERATIONAL AMPLIFIER TO SENSE SKIN RESISTANCE WITH GREATER SENSITIVITY. 


PARTS YOU WILL NEED 


R1-10K (BRN-BLK-ORG) 
l= ietale lalla R3-1K (BRN-BLK-RED) 
toa ot 
CIRCUIT DIAGRAM 
+9V +9V 


O000000000 


| READOUT 
1. BUILD THE CIRCUIT 
1 PUSH POWER AND DISPLAY SWITCHES OFF. 8. DJ CONNECT SPRING 1 TO +9V (WHT). 
INSERT PROBE CARD IN SENSOR SOCKET. 9. 1 CONNECT SPRING 2 TO AS (RED). 
INSERT 272 ACROSS SLOT (PIN 1 AT J5). 10. C1 CONNECT SPRING 14 TO Li (BLU). 


nm 
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- INSERT R1 ACROSS A4 AND L4. ll. O CONNECT SPRING 15 TO GROUND (RED). 
5. O INSERT R3 ACROSS kK2 AND GROUND. 12. C]. CONNECT SPRING 18 TO k4 (BLU). 
BR CONNECT M1 TO GROUND (WHT). 13. O CONNECT SPRING 17 TO J4 (BLU). 
7. O CONNECT J10 TO +9V (WHT). 14. C1 CONNECT SPRING 19 TO Ji (RED). 


2. TEST THE CIRCUIT 

REMOVE ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A GROUNDED OBJECT. INSPECT YOUR 
WIRING AND CORRECT ANY MISTAKES. ROTATE 1M CONSOLE POTENTIOMETER R4 ALL THE WAY 
TO THE LEFT. PUSH THE POWER SWITCH ON AND THE DISPLAY SWITCH TO DOT. MOISTEN 
YOUR FINGER TIPS AND PLACE THEM ACROSS THE PROBES OF THE PROBE SENSOR. ROTATE 
THE 100k CONSOLE POT R2 BACK AND FORTH. A GLOWING LED MOVES UP AND DOWN THE 
READOUT. TO INCREASE SENSITIVITY, SET R2 SO THAT ONE OF THE LEDS NEAR THE BOTTOM 
OF THE READOUT GLOWS WHEN YOUR FINGER TIPS ARE ACROSS THE PROBES. SLOWLY ROTATE 
R4 TO THE RIGHT. THIS INCREASES THE OPERATIONAL AMPLIFIER S GAIN, WHICH GREATLY 
INCREASES THE CIRCUIT'S SENSITIVITY TO RESISTANCE. WHEN A RESISTANCE SENSOR IS MADE 
FROM THE LED ALONE (SEE PAGE 68), A LOW RESISTANCE ACROSS THE PROBES MOVES THE 
GLOWING LED DOWN. IN THIS CIRCUIT, A LOW RESISTANCE MOVES THE GLOWING LED UP. 


YOU CAN USE THE REMOTE LINK TO MOVE THE PROBE AND DO VARIOUS EXPERIMENTS. FOR 
EXAMPLE, YOU CAN INSERT THE PROBE TIPS INTO SOIL AND MONITOR ITS RESISTANCE. MOIST 
SOIL HAS LOWER RESISTANCE THAN DRY SOIL. YOU CAN ADJUST R2 AND R4 SO THAT LED 10 
GLOWS WHEN THE SOIL IS MOIST. AS THE SOIL DRIES, THE GLOWING LED MOVES DOWN. 
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BUILD A MOISTURE AND WATER DETECTION BUZZER 


CIRCUITS THAT DETECT MOIST SURFACES AND WATER HAVE MANY USES. THEY ARE USED TO 
SOUND AN ALARM WHEN BASEMENTS FLOOD, WHEN BOATS TAKE ON WATER, AND TO ADVISE 
BLIND PEOPLE WHEN TO STOP POURING LIQUID INTO A CUP OR COOKING POT. YOU WILL BUILD 

A WATER DETECTION CIRCUIT THAT SOUNDS THE CONSOLE BUZZER WHEN THE PROBE 
ELECTRODES TOUCH MOIST SKIN OR ARE IMMERSED IN WATER. 


PARTS YOU WILL NEED 
a : 1 ‘ 
RI-IM (BRN-BLK-GRN) | 4, 
=i ae R3, R5-IK (BRN-BLK-RED) 
34 R4+10M (BRN-BLK-BLU) 
CIRCUIT DIAGRAM 
+Qy +9V + 5G 


WATER OR ot a 
MoIST SURFACE = 


1. BUILD THE CIRCUIT 


1. C1 PUSH POWER AND DISPLAY SWITCHES OFF. 9. C1 CONNECT Ml TO GROUND (WHT). 

2. CK INSERT PROBE CARD IN SENSOR SOCKET. 10. C1) CONNECT J10 TO +9V (WHT). 

3. (1 INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 11. 1 CONNECT BS TO +9V (WHT). 

4. [1 INSERT Q1 AT Al (S), Bl (D) AND C1 (G). —:12, C1 CONNECT SPRING 1 TO +9V (WHT). 

5S. C1 INSERT R1 ACROSS L4 AND Ee. 13. C1 CONNECT SPRING 2 TO E10 (RED). 

tb. C1 INSERT R3 ACROSS K2 AND GROUND. 14, 1 CONNECT SPRING 17 TO L3 (BLU). 

7. C INSERT R4 ACROSS Ji AND KI. 15. [1 CONNECT SPRING 18 TO GROUND (BLU). 
6. C1 INSERT R5 ACROSS C4 AND J4. le, C1 CONNECT SPRING 21 TO AS (RED). 


17, C1. CONNECT SPRING 22 TO GROUND (BLU). 
(2. TEST THI 


REMOVE ELECTRICAL CHARGE FROM YOUR BODY BY TOUCHING A GROUNDED OBJECT. CHECK YOUR 
WIRING FOR ERRORS. PUSH THE POWER SWITCH ON. MOISTEN YOUR FINGERTIPS AND PLACE 
THEM ACROSS THE EXPOSED PROBES. ADJUST IM CONSOLE POT R2 UNTIL THE BUZZER JUST 
SOUNDS. REMOVE YOUR FINGERS AND THE BUZZER IS SILENT. CONNECT THE PROBE CARD TO 
THE REMOTE LINK. DIP THE PROBES SLIGHTLY INTO THE WATER, AND THE BUZZER SOUNDS. 


REMOVE THE PROBES AND THE BUZZER IS SILENT. ADJUST R2 FOR BEST RESULTS. PLACE 
ONLY THE ENDS OF THE PROBES IN THE WATER. 


REDUCE THE CIRCUIT SENSITIVITY BY REPLACING R4 WITH A IM RESISTOR (BRN-BLK-GRN). 
WHAT HAPPENS TO THE CIRCUIT S SENSITIVITY WHEN YOU ADD A DROP OF LEMON JUICE OR 


VINEGAR TO THE WATER? BOTH LIQUIDS ARE ACIDS, MEANING THEY GREATLY REDUCE THE 
WATER'S RESISTANCE. 
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BUILD A DIGITAL LOGIC WATER DETECTION CIRCUI 


MOST PROBE CIRCUITS IN THIS MANUAL HAVE AN ANALOG INPUT (272 OPERATIONAL AMPLIFIER 
OR 555 TIMER). THIS CIRCUIT HAS A DIGITAL INPUT (40 


11 QUAD NAND GATE). BY BUILDING THIS 
CIRCUIT, YOU WILL LEARN HOW FLEXIBLE THE DESIGN 0 


F PROBE CIRCUITS CAN BE. 


saree || Pe So) 


RI-IK (BRN-BLK-RED) C1-0.1 UF (104) 


PROBE 


GROUND UNUSED INPUTS OF 
4011 (PINS 8, 9, 12 AND 13). 


TL SPKR 
2s 
= 24 
{8 
IS REMOTE : 
| UNK 23 
we {Gc 
TW PROBE 28 26 
1 | 
Y 
“WATER 


1. BUILD THE CIRCUIT 
5 PUSH POWER AND DISPLAY SWITCHES OFF. 14. C1 CONNECT SPRING 1 TO +9V (WHT). 


2. L) INSERT PROBE CARD IN SENSOR SOCKET. 15. C1 CONNECT SPRING 2 TO AIO (WHT). 
5. [1 INSERT 4011 IC ACROSS SLOT (PIN 1 AT H5). 16. C1 CONNECT SPRING 13 TO I2 (BLU). 
1. CO INSERT R1 ACROSS H2 AND Ae. 17. CX CONNECT SPRING 14 TO J2 (BLU). 
>. [1 INSERT C1 ACROSS Ii AND Kl. 18. C1 CONNECT SPRING 16 TO GROUND 

©. [) CONNECT Nil TO GROUND (WHT). (BLU). 

7. O CONNECT HIO TO +9V (WHT). 19. C1 CONNECT SPRING 17 TO H4 (BLU). 
6. O CONNECT J3 TO L535 (WHT). 20. C CONNECT SPRING 18 TO +9V (BLU). 
7. O CONNECT 14 TO M4 (WHT). 21. C CONNECT SPRING 27 TO k4 (RED). 
0. 1) CONNECT N4 TO N7 (WHT). 22. C1 CONNECT SPRING 28 TO GROUND 

4. 0 CONNECT I10 TO 310 (WHT). (RED). 

‘2.0 CONNECT 38 TO M8 (WHT). 23. CO CONNECT SPRINGS 23 AND 26 (RED). 
‘S. 0 CONNECT M10 TO NIO (WHT). 24. C1 CONNECT SPRINGS 24 TO 25 (WHT). 


2. TEST THE CIRCUIT 


REMOVE ANY ELECTRICAL CHARGE FROM YOUR BODY BY TOUCHING A SCREW ON A LIGHT SWITCH 
OR OTHER GROUNDED OBJECT. CHECK YOUR WIRING FOR ERRORS, ROTATE THE IM CONSOLE 
POTENTIOMETER R2 ALL THE WAY TO THE LEFT, THEN PUSH THE POWER SWITCH ON. 
ADJUST THE 100k CONSOLE POTENTIOMETER R3 TO PROVIDE THE MOST DESIRABLE TONE FROM 
THE SPEAKER. NOW ROTATE R2 UNTIL THE TONE JUST STOPS. TOUCH A MOISTENED ie 
TIP ACROSS THE PROBES OF THE PROBE CARD, AND THE TONE RETURNS. CONNECT THE on 
CARD TO THE REMOTE LINK TO TEST THE CIRCUIT WITH WATER. USE A SPOONFUL OF ra 
IN A SMALL PLASTIC CUP OR SOFT DRINK CAP TO AVOID SPILLING WATER ON YOUR CONSOLE. 
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YOU WILL BUILD A VERY SENSITIVE WATER AND MOISTURE SENSOR. WHEN THE phe on THE 
PROBE CARD ARE DIPPED INTO WATER OR TOUCHED TO A MOIST SURFACE, THE GREEN 
SWITCHES OFF AND THE RED LED GLows. 


\ > ) 


oS 
ic ier T —H_— ——"} my 
| i J RI-IM (BRN-BLK-GRN) 1 RED LED 
| By R2-10M (BRN-BLK-BLU) 1 GREEN LED 


i a) R4, R5-1K (BRN-BLK-RED) 


<I 


CIRCUIT DIAGRAM 


+4y +9y + 9V +9V 


RY 
1K 
RED 
“LED 
LED 
PROBE 
REMOTE RS t 
= nase 1K FLAT 
=e R2 \ SPOT 
PROBE 10M an 
GREEN ~ 
{ Ss LED 
Fear te — = + + 
WATER OR = = = = 


MoIST SURFACE 


1. BUILD THE CIRCUIT 
Cl PUSH POWER AND DISPLAY SWITCHES OFF. 8. C1 INSERT GREEN LED ACROSS T2 (AN 


= 


2. C1 INSERT PROBE CARD IN SENSOR SOCKET. ODE) AND GROUND (CATHODE). 

5. C INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 9. C1 CONNECT M4 TO GROUND (WHT). 

4. C1 INSERT R1 ACROSS k4 AND Eb. 10. CO. CONNECT J10 TO +9V (WHT). 

4. 1 INSERT R2 ACROSS kl AND GROUND. 1. O CONNECT SPRING 1 TO +9V (WHT). 
5. C1 INSERT R4 ACROSS Il AND +9V 12. 1. CONNECT SPRING 2 TO E10 (RED). 
6. C1 INSERT R5 ACROSS J3 AND T3. 13. C1 CONNECT SPRING 16 TO 39 (BLU). 
- 


- DL INSERT RED LED ACROSS I2 (ANODE) AND 14. CJ CONNECT SPRING 17 TO 14 (BLU). 
32 (CATHODE). os 


, EVEN IF YOUR HAND Is DRY, 
3. GOING FURTHER 
USE THIS CIRCUIT TO CHECK IF MATERIALS ARE 


GOOD INSULATORS. SUCH MATERIALS CONDUCT 
ELECTRICITY POORLY, IF AT ALL. ADJUST R3 FOR MAXIMUM SENSITIVITY THEN Touch PROBES TO 
THE MATERIALS TO TEST. THE GREEN LED GLOWS WHEN THE PROBES TOUCH GOOD 
INSULATORS LIKE GLASS, PLASTIC, AND DRY PAPER. 
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D A PEND 


PENDULUM SWITCHES ARE USED TO DETECT VIBRATIONS AND MOVEMENT. TRANSFORM THE PROBE 
cARD INTO A SIMPLE PENDULUM SWITCH BY HANGING THE PAPER CLIP FROM ONE OF THE 
PROBES. THE TONE FREQUENCY FROM THE SPEAKER FALLS WHEN THE PROBE CARD {¢ MOVED. 


PARTS YOU WILL_NEED 


os See = a876S5 = 1)— 
nbnkinlie i) 
: | R2-10K (BRN-BLK-ORG) Cl, C2-0.1 UF (104) 


= R3-270 (RED-VIO-BRN) 
rcircult_ DIAGRAM 


1. BUILD THE CIRCUIT 


PUSH POWER AND DISPLAY SWITCHES OFF. 9. C1 CONNECT Q8& TO +9V (RED). 
INSERT PROBE CARD IN REMOTE LINK SOCKET. 10. 0. CONNECT T4 TO Q? (WHT). 


| 


3. O INSERT REMOTE LINK IN SENSOR SOCKET. 11. O CONNECT R4 TO S7? (WHT). 

3. O INSERT 555 IC ACROSS SLOT (PIN 1 AT QS). 12. C1 CONNECT SPRING 1 TO S8& (BLU). 
1. O) INSERT R2 ACROSS R10 AND S10. 13. O CONNECT SPRING 2 TO OS (RED). 
5. O INSERT C1 ACROSS Q2 AND O02. 14. CO CONNECT SPRING 14 TO +9V (BLU). 
e. LO) INSERT C2 ACROSS QI AND RI. 15. CO CONNECT SPRING 13 TO R? (RED). 
?. O INSERT R3 ACROSS F9 AND +9V. 1b. CO CONNECT SPRING 23 TO FIO (RED). 
6. O CONNECT Q3 TO GROUND (WHT). 17, C CONNECT SPRING 24 TO S4 (BLU). 


2. TEST THE CIRCUIT 

REMOVE ELECTRICAL CHARGE FROM YOUR BODY. HOLD THE PROBE CARD OVER THE EDGE OF 
YOUR WORK SURFACE AND HANG THE PAPER CLIP FROM THE UPPER PROBE. THE PAPER CLIP 
SHOULD SURROUND BUT NOT TOUCH THE LOWER PROBE. PUSH THE POWER SWITCH ON. THE 
SPEAKER EMITS A TONE. ADJUST THE TONE FREQUENCY TO THE PREFERRED VALUE BY 
ROTATING 100K CONSOLE POT RI. TILT THE PROBE CARD SO THE PAPER CLIP MAKES CONTACT 
WITH THE LOWER PROBE. THE TONE FREQUENCY FALLS WHEN THE PAPER CLIP TOUCHES THE 
PROBE. TILT THE SENSOR CARD UPRIGHT, AND THE TONE RESUMES ITS ORIGINAL VALUE. 


THIS CIRCUIT DETECTS VIBRATIONS AND GROUND MOTION CAUSED BY WIND, INTRUDERS, OR AN 
EARTHQUAKE. IF YOU DON’T NEED THE 'TWEE-DEL SOUND PROVIDED BY THE 555 OSCILLATOR, 
CONNECT THE PROBE DIRECTLY TO THE BUZZER. CONNECT SPRING 1 TO +9V (WHT), THEN 
CONNECT SPRINGS 2 AND 21 (WHT). CONNECT SPRING 22 TO GROUND (BLU). 


BUILD A TEMP RATURE-CONTROLLED AUDIO OSCILLATOR 
SOMETIMES IT'S HELPFUL To BE ADVISED ABOUT A SUBTLE CHANGE IN TEMPERATURE BY 

A TONE CHANGE RATHER THAN A VISIBLE INDICATOR SUCH AS A DIGITAL DISPLAY. You WILL 
BUILD A SIMPLE AUDIO OSCILLATOR WHOSE FREQUENCY IS DETERMINED BY TEMPERATURE. 


PARTS YOU WILL NEED 
; 7 int 8765 


. SAE ieee pe) 
8 | R1-10K (BRN-BLK-ORG) C1-0.1 UF (104) 


R2-270 (RED-VIO-BRN) 


~ 
p 

WL) 
£0 


THE FREQUENCY OF 555 AuDio 
OSCILLATORS IS USUALLY CHANGED 

BY MEANS OF A POTENTIOMETER. 

IN THIS CIRCUIT THE THERMISToR 
PLAYS THE ROLE OF A POTENTIOMETER. 


1. BUILD THE CIRCUIT 
. O PUSH POWER AND DISPLAY SWITCHES OFF. & LJ CONNECT Q8& TO +9V (RED). 


2. [1 INSERT THERMISTOR CARD IN SENSOR SOCKET. 9. & CONNECT R4 TO S7 (WHT). 


3. C1 INSERT 555 IC ACROSS SLOT (PIN 1 AT QS). 10. O CONNECT T4 TO Q?7 (WHT). 

4. C1 INSERT R1 ACROSS R10 AND SiO. ll, C1 CONNECT SPRING 1 TO +9V (WHT). 
5. C1 INSERT R2 ACROSS G9 AND +9V. 12. C1 CONNECT SPRING 2 TO R@ (RED). 
6. C1 INSERT C1 ACROSS R1 AND GROUND. 13. C1 CONNECT SPRING 23 TO Gl0 (RED). 
7. C8 CONNECT G3 TO GROUND (WHT). 


1%. C1 CONNECT SPRING 24 TO S4 (BLU). 


CAUTION: DO NOT PLACE SENSOR CARDS, REMoT 
FLAME, SOLDERING IRON, HAIR DRYER, OR oT 


DELICATE SENSORS. NEVER SPRAY ANY CHEMICAL 
INTENDED TO COOL OBJECTS ON THE SENSOR CARDS, REMOTE LINk 
MAY DAMAGE AND DISCOLOR PLASTIC. 
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THERMOSTATS ARE ELECTRONIC OR ELECTRO=MECHA 
THEY SWITCH A HEATING OR COOLING DEVICE ON OR O 
FROM A DESIRED LEVEL. YOU WILL BUILD A BASIC THERM 
WHEN TEMPERATURE EXCEEDS A PRESET VALUE. == 


— 
R3-Ik (BRN-BLK-RED) 


1. BUILD THE CIRCUIT ee | 
1 PUSH POWER AND DISPLAY SWITCHES OFF. — a 
2. C INSERT THERMISTOR CARD IN SENSOR Spe 2 
SOCKET. . 


a 
8 
q Sf 
. C INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). + OC CONNECT 


- C1 CONNECT JI0 


3 eas 
“. INSERT R3 ACROSS HS AND +9V. a: Dee eee 2 
>» INSERT LED ACROSS HI (ANODE) AND ED). 

31 (CATHODE). + on 
¢. O CONNECT M1 TO GROUND (WHT). 3. 0 CONNER a 


14. C) CONNECT SPRING 15 TC 


CHECK THE CIRCUIT FOR ERRORS AND ADJUST 10K CONSOLE POT Ri TO | 
THE POWER SWITCH ON. ADJUST 100k CONSOLE POT R2 UNTIL THI 
WHEN THE THERMISTOR SENSOR CARD IS WARMED ABOVE ITS PF 
-ED GLOWS. ADJUST R1 TO CONTROL THE CIRCUIT SENSITIVITY 
“LACE SENSOR CARDS, REMOTE LINK, OR CONSOLE IN LiQuiDs ¢ Y NEAR 
MON, HAIR DRYER, OR OTHER HEAT SOURCE. LIQUIDS AND EXCESSIVE He 
“LASTIC COMPONENTS AND DELICATE SENSORS. NEVER SPRAY ANY CHEN 
pon OBJECTS ON THE SENSOR CARDS, REMOTE LINK, OR CONSOLE, 
DAMAGE AND DISCOLOR PLASTIC. Ket dik | 
5. GOING FURTHE na 
ee CAN MODIFY THE CIRCUIT TO SWITCt 

E POWER SWITCH OFF AND SM ITCH TH 
AMP. PUSH THE POWER SWITCH ON At 


BUILD _A_ TEMPERATURE CONTROLLED BUZZER ==) WHE 

BUILD A THERMOSTAT-STYLE CIRCUIT THAT STOPS THE CONSOLE rary, OIAGRAM BELOW 
THERMISTOR TEMPERATURE EXCEEDS A PRESET VALUE. COMPARE TH AND CONNEC! 
WITH THE ONE ON PAGE 75. BOTH USE THE SAME INPUT COMPONENTS 


PARTS YOU WILL NEED 


ae oo ; ares —I)_- 
Fe) bn Thee R3-1kK (BRN-BLK-RED) 
cae = rErer ee 
, | 
QI-POWER FET 
CIRCUIT DIAGRAM 
+ QV +9V +9y + 9y 


THERMIS TOR 


(1. BUILD THE CIRCUIT 
1. O PUSH POWER AND DISPLAY SWITCHES OFF. 9. C1 CONNECT SPRING 1 TO L4 (RED). 


2. C1) INSERT THERMISTOR CARD IN SENSOR 10. C1) CONNECT SPRING 2 TO M4 (RED). 
SOCKET. 11, C1 CONNECT SPRING 10 TO L1 (RED). 
3. C1 INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 12. C1 CONNECT SPRING lt TO +9V (BLU). 
4. 1 INSERT Ql AT Al (S), Bl (D) AND Cl (G). —-13. C] CONNECT SPRING 13 TO GROUND 
5. C1 INSERT RS ACROSS C4 AND J4. (RED). 
b. 1) CONNECT MI TO GROUND (WHT). 14. 11 CONNECT SPRING 14 TO k4 (BLU). 
7. 0 CONNECT J10 TO +9V (WHT). 15. C1 CONNECT SPRING 15 TO +9V (BLU). 
&. C1 CONNECT BS TO +9V (WHT). 


16. L] CONNECT SPRING 21 TO AS (RED). 
17. C1 CONNECT SPRINGS 2 AND 22 (WHT). 


CORRECT ANY WIRING ERRORS. ADJUST 10k CONSOLE POT 
POWER SWITCH ON AND ADJUST 100k CONSOLE POT Ri TO Toile 
BUZZER STOPS SOUNDING WHEN THE THERMISTOR 


CAUTION: DO NOT PLACE SENSOR CARDS, REMOTE 
FLAME, SOLDERING IRON, HAIR DRYER OR OTHE 
MAY DAMAGE THE PLASTIC COMPONENTS AND DELICAT 

INTENDED TO COOL OBJECTS ON THE SENsop ne ANS ORE NER SPRAY ANY CHEMIEBR 
CHEMICALS MAY DAMAGE AND DISCOLOR PLASTIC. OR CONSOLE, SueR 


-POINT. PUSH THE 
R2 UNTIL THE BUZZER SOUNDS. THE 
TEMPERATURE RISES. 


BUILD A REMOTE TEMPERATURE TRANSMITTER 


You WiLL BUILD A TRANSMITTER THAT SENDS THE TEMPERATURE OF THE THE 
<eNSOR CARD BY FLASHING AN LED. THE NUMBER OF FLASHES 15 PROPORTIONAL ‘TO THE 
TEMPERATURE, AND THEY ARE SLOW ENOUGH TO COUNT THEM. 


PARTS YOU WILL NEE 


Q76S5S & — 
or 
C1-100 UF R1-2.2K (RED-RED-RED) 1 RED LED 


R2-470 (YEL-VIO-BRN) 


(Rcult DIAGRAM ——s—CSCSC*dwiCT, BP eRe 


+9y +9v +Qy 1. C1 PUSH POWER AND DISPLAY 
SWITCHES OFF. 

CO INSERT THERMISTOR CARD IN 
SENSOR SOCKET. 

O INSERT 555 IC ACROSS SLOT 
(PIN 1 AT QS). 

OC INSERT Cl ACROSS R2 (+) AND 
Q2 (-). 

[C1 INSERT LED ACROSS P1 (ANODE) 
AND S1 (CATHODE). 

1 INSERT R1 ACROSS R10 AND S10. 

OC INSERT R2 ACROSS PS AND Q?. 
1 CONNECT Q3 TO GROUND (WHT). 
O CONNECT Q10 TO +9V (RED). 

. O CONNECT R4 TO S7 (WHT). 

. O CONNECT T4 TO Q? (WHT). 

. O CONNECT SPRING 1 TO +9V 
(WHT). 

13. CO CONNECT SPRING 2 TO R@ (RED). 


Y 


nes 


= 


aH 


Ro) eg) Soren 


é. TEST THE CIRCUIT 

CHECK FOR WIRING ERRORS. PUSH THE POWER SWITCH ON. THE LED SLOWLY FLASHES. THE 
ACTUAL TEMPERATURE (FAHRENHEIT) IS ABOUT 2 TIMES THE NUMBER OF FLASHES IN 60 
SECONDS. AN EXACT CALIBRATION CANNOT BE GIVEN BECAUSE OF SLIGHT VARIATIONS IN THE 
/ALUES OF THE THERMISTOR AND Cl. CAUTION: DO NOT PLACE SENSOR CARDS, REMOTE LINK, 
OR CONSOLE IN LIQUIDS OR NEAR A FLAME, SOLDERING IRON, HAIR DRYER, OR OTHER HEAT 
SOURCE. LIQUIDS AND EXCESSIVE HEAT MAY DAMAGE THE PLASTIC COMPONENTS AND DELICATE 
SENSORS. NEVER SPRAY ANY CHEMICAL INTENDED TO COOL OBJECTS ON THE SENSOR CARDS, 
‘EMOTE LINK, OR CONSOLE. SUCH CHEMICALS MAY DAMAGE AND DISCOLOR PLASTIC. 


5. GOING FURTHER 


(OU CAN CALIBRATE THIS CIRCUIT WITH A THERMOMETER. PLACE THE THERMOMETER AND as 
THERMISTOR CARD IN A REFRIGERATOR. AFTER ABOUT 15 MINUTES, REMOVE 1. ae 


FLASHES FOR 40 TEPS, PLACING THE THERMISTOR CARD AND 
SECONDS. REPEAT THESE STEPS, YOUR 
THERMOMETER IN AN AIR CONDITIONED ROOM AND IN A SHADY SPOT OUTDOORS: ct ARS ee 


FOR NUMBE SE YOUR GRAPH TO MEASURE THE 
R OF FLASHES. CONNECT THE POINTS. U : 
THERMISTOR TEMPERATURE BY COUNTING THE FLASHES FOR 1 MINUTE. AT NIGHT YOU CAN 


THE FLASHING LED FROM A CONSIDERABLE DISTANCE. 


5 GENERATOR 
BUILD_A TEMPERATURE-CONT= EDaonhs TION. SOFTEN ITS IMPACT BY 


THE CONSOLE BUZZER DOES ITS JOB BY GETTING Your ATTEN seRiesiGe CHIRPS. 


C1-100 UF 
C2-4.7 UF 
Qi-POWER FET 
CIRCUIT DIAGRAM 
+9V +7 


BUZZER 


GROUND UNUSED INPUTS OF 
4011 (PINS 8, 9, 12 AND 13). 


THERMISTOR 


1. BUILD THE CIRCUIT 
PUSH POWER AND DISPLAY SWITCHES OFF. 11. (| CONNECT J3 TO L3 (WHT). 


7 
9. 1 INSERT THERMISTOR CARD IN SENSOR 12, O CONNECT L4 TO M4 (WHT). 

SOCKET. 13. O CONNECT N4 TO N7 (WHT). 
%. O INSERT 4011 IC IC ACROSS SLOT 14. O CONNECT I10 TO J10 (WHT). 

(PIN 1 AT HS). 15. O CONNECT 38 TO M8 (WHT). 
4. OJ INSERT Ql AT Al (S), Bl (D) AND Cl (G). 16. C1 CONNECT MIO TO N10 (WHT) 
5. CO INSERT C1 ACROSS Ki (+) AND I! (-). 1D CONNECT EROIeatMCCemnan HES 
t. (© INSERT C2 ACROSS k2 (+) AND C2 (-). 18. CI CONNECT SPRING 2 TO HB (RED) 
A pe oe, hie Mee, uns 19. C CONNECT SPRING 14 TO GROUND (RED). 
S TCONNECT 5 TO o8V (WHT ). 20. C1 CONNECT SPRING 15 TO CS (BLU). 
ee emits aoleatunr ). 21. C1 CONNECT SPRING 21 TO AS (RED). 

) 22, C1 CONNECT SPRING 22 TO GROUND (BLU). 


CHECK FOR ERRORS. PUSH THE POWER SWITCH 0 

N, AND THE BUZ 
SOUND. ADJUST 100K CONSOLE POTENTIOMETER R1 TO PROVIDE a EMITS. BRET (aaa 
CHANGE IN TEMPERATURE WILL CHANGE THE CHIRP RATE BEST SQUNDNG Ciakiaas 
CAUTION: DO NOT PLACE SENSOR CARDS, REM , 
FLAME, SOLDERING IRON, HAIR DRYER, OR OTHER SOURCE OF nh SEE IN LQUIDS (0 Sanaa 
HEAT MAY DAMAGE THE PLASTIC COMPONENTS AND AT. LIQUIDS AND EXCESSIVE 


THE SENSOR CARDS, REMOTE LINK OR Co 
SUCH CHEMICALS MAY DAMAGE AND DISCOLOR preci SEMICAL INTENDED TO COOk, Obie 


3. GOING FURTHER 
SEE PAGE 77 FOR TIPS ABOUT CALIBRATING THIS ClRCLIT — 
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\ RGRA PH R A DOUT 


CTRO 
gESEMBLES A CONVENTIONAL LIQUID-FILLED THERMOMETER TUBE. YOU FA peed Ue 
THAT USES THE BARGRAPH READOUT IN THIS MANNER. ; © BUILD A ciRcutT 


| ru FS fea Pt) pay 
Ki R2, R3-IK (BRN-BLK-RED) 
CRCUIT_DIAGRAM 
+9V ean, 


RPWLN SYS 


3 
Rp 
OO00000000 


| READOUT 


PUSH POWER AND DISPLAY SWITCHES OFF. 


<= 7. O CONNECT J10 TO +9V (WHT). 
NSERT THERMISTOR CARD IN SENSOR SOCKET. 8. O CONNECT SPRING 1 TO +9V (WHT). 


NSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 9. C CONNECT SPRING 2 TO L4 (RED). 


m7 + 


: ~ INSERT R2 ACROSS k2 AND GROUND. 10. C1 CONNECT SPRING 11 TO L3 (BLU). 
5. O INSERT R3 ACROSS Ji AND Kl. 11. . CONNECT SPRING 12 TO GROUND 
* LI CONNECT Ml TO GROUND (WHT). (RED). 


12. CL) CONNECT SPRING 19 TO J2 (RED). 


5 *, {OUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON AND DISPLAY MODE SWITCH TO 

Sor AOSUST 10k CONSOLE POT UNTIL A READOUT LED BETWEEN 2 AND 9 GLOWS. THE LED 
j RISES WHEN THE THERMISTOR 1S WARMED AND FALLS WHEN COOLED. THE RESPONSE TIME 

Nee. FOR LIGHT SENSOR CIRCUITS THAT USE THE READOUT. YOU CAN SWITCH THE 

Fre MODE SWITCH TO BARGRAPH, LIKE A THERMOMETER. SWITCH THE DISPLAY MODE OFF 

cocaiels CIRCUIT IS NOT IN USE. CAUTION: DO NOT PLACE SENSOR CARDS, REMOTE LINK, PA 

Lau IN LIQUIDS OR NEAR A FLAME, SOLDERING IRON, HAIR DRYER OR OTHER HEAT SOURCE. 

> AND EXCESSIVE HEAT MAY DAMAGE THE PLASTIC COMPONENTS AND THE DELICATE 


SE 
Cuore NEVER SPRAY ANY CHEMICAL INTENDED TO COOL OBJECTS ON THE SENSOR CARDS, 


3 INK OR CONSOLE. SUCH CHEMICALS MAY DAMAGE AND DISCOLOR PLASTIC. 
= GOING URTHER 


Bane 27'S INTERNALLY CONNECTED TO READOUT LED 10, MEANING YOU CAN TRIGGER AN 
(ANODE AL CIRCUIT WHEN THE TEMPERATURE REACHES 10. INSERT THE GREEN LED earent 
READOUT IND Ab (CATHODE). CONNECT SPRING 29 TO AlO (BLU). THE GREEN LED GLO 


10 GLOWS. 


vr 
UY) | 


719 


R ‘) \ ‘\ ‘\ ) = 


LIGHT-ACTIVATED BUZZERS HAVE MANY USES. YOU WILL USE T Ari 
AND A 272 OPERATIONAL AMPLIFIER CONNECTED AS A COMPARATOR 


ACTIVATED BUZZER. 
PARTS YOU WILL NEED 


HE PHOTORESISTOR SENSOR CARD 
AKE A SIMPLE LIGHT- 


avré6s 

ol nl trees Aiea GA a 

@): R1-10k (BRN-BLK - 

| 8 LI R3-IK (BRN-BLK-RED) POWER FET 

a ee 
Leet 

CIRCUIT DIAGRAM 
+9V +9V +9y + 9y 


PHOTORESISTOR 


1. BUILD THE CIRCUIT 
1. 1 PUSH THE POWER AND DISPLAY SWITCHES OFF. 10. (1 CONNECT SPRING 1 TO KI (RED). 


2. 1 INSERT PHOTORESISTOR CARD IN SENSOR 11. O CONNECT SPRING 2 TO GROUND 
SOCKET. (RED). 

3. O INSERT 272 IC ACROSS SLOT (PIN 1 AT JS). 12. 1 CONNECT SPRING 16 TO +9V 

4. 1 INSERT Q1 AT C1 (G), Bl (D) AND Al (S). (BLU). 

S. O INSERT R1 ACROSS SPRING 1 AND +9V. 13. C1 CONNECT SPRING 17 TO LI (BLU). 

6. O INSERT R3 ACROSS C4 AND J4. 14. C1 CONNECT SPRING 18 TO GROUND 

7. [1 CONNECT M1 TO GROUND (WHT), (BLU). 

8. 1 CONNECT J10 TO +9V (WHT). 15. O CONNECT SPRING 21 TO AS (RED). 

9. 1 CONNECT BS TO +9V (WHT). 16, C1 CONNECT SPRING 22 TO GROUND 

(BLU). 


3, GOING FURTHER 
YoU CAN EASILY CHANGE THIS CIRCUIT To AD 
POWER SWITCH OFF, THEN SWITCH THE CONNER ee BUZZER. FIRST, PUSH THE 


S FOR Rt AND THE 
REPEAT THE ADJUSTMENT PROCEDURE ABOVE PHOT ORESISTOR. 
PHOTORESISTOR IS SHADED. TO CAUSE THE BUZZER TO SOUND WHEN THE 


/ ~~ 


; 
PHOTORESISTOR 


L1. BUILD THE CIRCUIT 
1. O PUSH POWER AND DISPLAY SWITCHES OFF. 
2. O INSERT PHOTORESISTOR CARD IN SENSOR 

SOCKET. 

3. O INSERT 272 IC ACROSS SLOT (PIN 1 AT E5). 
4. O INSERT 4011 IC ACROSS SLOT (PIN 1 AT NS). 
5. C) INSERT R1 ACROSS F4 AND E7. 
6. 0 INSERT C1 ACROSS O1-Ql. 

7. 0 CONNECT H1 TO GROUND (RED). 
6. 0 CONNECT E10 TO +9V (WHT). 

7. O CONNECT T4 TO GROUND (WHT). 
10. 0 CONNECT N9 TO +9V (RED). 
1. O CONNECT E4 TO N4 (WHT). 
2. 0 CONNECT P3 TO R3 (WHT). 
1S. 0 CONNECT R2 TO $2 (WHT). 
“4. C CONNECT 010 TO P1O (WHT). 


TH ae 
CHECK FOR ERRORS. PUSH THE POM 

HAND. ROTATE THE 1M CONSOLE POT 
THE BUZZEN SOUNDS. ADJUST THE 19 


BUILD A LIGHT-INCREASES-FREQUENCY AUDIO OSCILLATOR 


As You KNOW BY NOW, THE 555 TIMER IC PROVIDED WITH YOUR ELECTRONIC SENSORS LAB 
IS IDEAL FOR MAKING MANY DIFFERENT KINDS OF TONE GENERATORS. YOU WILL CONNECT 
THE PHOTORESISTOR SENSOR CARD TO THE 555 TO MAKE A LIGHT-SENSITIVE OSCILLATOR. 


AK @ D 


ak ew i= le 
| PN | RI-10K (BRN-BLK-ORG) C1-0.01 UF (103) 
et R2-150 (BRN-GRN-BRN) 
1. C1 PUSH POWER AND DISPLAY 
+Ov +9V +9V SWITCHES OFF. 
9. O INSERT 555 IC ACROSS SLOT 
(PIN 1 AT QS). 
3. CJ INSERT R1 ACROSS R10 AND 
S10. 
4. [1 INSERT R2 ACROSS G9 AND +9V. 
5. OJ INSERT Cl ACROSS QI AND Rl. 
b. CF CONNECT Q3 AND GROUND 
(WHT). 
7. O CONNECT Q10 TO +9V (RED). 
8. C1 CONNECT R4 AND S7 (WHT). 
9. O CONNECT T4 AND Q7 (WHT). 
10. C1) CONNECT SPRING 1 TO +9V 
(WHT). 
11. C1 CONNECT SPRING 2 TO R7 
(RED). 
12. C1 CONNECT SPRING 23 TO G10 
(RED). 
13. CO CONNECT SPRING 24 TO S4 
(RED). 


CHECK YOUR WIRING FOR POSSIBLE ERRORS. PUSH THE POWER SWITCH ON. YOU SHOULD HEAR 
A TONE FROM THE SPEAKER. IF NOT, SHADE THE PHOTORESISTOR CARD WITH YOUR HAND TO 
INCREASE ITS RESISTANCE. WHEN YOU HEAR A TONE, SHADE THE PHOTORESISTOR WITH YOUR 
WITH THE LIGHT LEVEL. 


. GOING FURTHER 


YOU CAN EASILY ALTER THE BASIC TONE FREQUENCY BY CHANGING Cl. USE A HIGHER VALUE 
FOR A prin Jenner thes THE + LEAD OF ELECTROLYTIC CAPACITORS MUST GO TO PIN 
2 OF THE 555. VOLUME IS TOO HIGH, INCREASE a > . 
470 OHMS (YEL-VIO-BRN). R2 TO 270 (RED-VIO-BRN) 


HERE'S AN INTERESTING EXPERIMENT TO TRY. CHANGE C1 TO 
SPEAKER CLICKS OR BUZZES WHEN THE PHOTORESISTOR Is Sets iv Aue SO 
LARGE DARKENED ROOM OR OUTDOORS. NOW STAND SOME DISTANCE AWAY AND POINT A 
FLASHLIGHT TOWARD, BUT NOT AT, THE PHOTORESISTOR. CHANGES IN THE CLICK RATE OR 
BUZZ FREQUENCY PROVIDE A VERY SENSITIVE INDICATION OF THE PRESENCE OF LIGHT. 
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guLD_A LIGHT-REDUCES-=FREQUENCY 

BASIC 555 AUDIO OSCILLATOR DESCRIBED on PAGE 82 
LATOR IN WHICH THE TONE FREQUENCY DECREASES 
0 


AUDIO OSCILLATOR 
CAN BE MODIFIED TO PROVIDE AN 


WHEN THE PHOTORESISTOR Is 
* LUMINATED. YOU WILL BUILD THIS CIRCUIT NEXT. 
PARTS YOU WILL NEED 


ro 7 
He a 


e =) )— 
R3-10K (BRN-BLK-ORG) 


C1-0.1 UF (104) 
=) R4-150 (BRN-GRN-BRN) 


Rt 
10K 


1. BUILD THE CIRCUIT 
~ = FUSH POWER AND DISPLAY SWITCHES OFF. 10. 1] CONNECT SPRING 1 TO +9V (WHT). 
~ = INSERT 555 IC ACROSS SLOT (PIN 1 AT Q5). 11. [) CONNECT SPRING 2 TO TIO (RED). 


TAICr 


1 INSERT R3 ACROSS Ri AND Sibs 12. C1 CONNECT SPRING 10 TO GROUND 
7; O INSERT R4 ACROSS G9 AND +9V. (RED). 
>. O INSERT C1 ACROSS Q1 AND Ri. 13. C1 CONNECT SPRING 11 TO T7? aa 
0) CONNECT Q3 AND GROUND (WHT). 14. O CONNECT SPRING e At e oe 
7.0 cor ING 14 TO + . 
-O CONNECT Q10 TO +9V (RED). 15. 1 CONNECT SPR 
©. 0 CONNECT R4 AND S7 (WHT). 16. C1 CONNECT SPRING 23 TO GIO ee 
7 O CONNECT T4 AND Q7 (WHT). 17. CO CONNECT SPRING 24 TO S4 (RED). 


é. TEST THE CIRCUIT 


“VIEW THE CIRCUIT FOR POSSIBLE ERRORS. BE SURE THAT EXPOSED COMPONENT Ba. es 
NOT TOUCH ONE ANOTHER. ADJUST 10K CONSOLE POTENTIOMETER Ri TO Te wore laneiante 
THE POWER SWITCH ON. YOU SHOULD HEAR A TONE FROM THE SPEAKER. es i (lok) OR 
PHOTORESISTOR CARD WITH YOUR HAND WHILE ADJUSTING CONSOLE eet cigcuiT IS 

R2 (100k) ADJUSTING BOTH POTENTIOMETERS MAY BE NECESSARY. Nits OF THE TONE 
SXILLATING, SHADE THE PHOTORESISTOR TO OBSERVE HOW THE FREQUE 

"ALS WHEN LIGHT STRIKES THE PHOTORESISTOR. 


S GOING FURTHER 
U 


Ri. THIS 
SU CAN CONTROL THIS CIRCUIT BY ADJUSTING THE 10k CONSOLE POTENT a ea oo THE 
POT AND THE PHOTORESISTOR FORM A VOLTAGE DIVIDER THAT DELIV Nees Tus VOLTAGE, 
“55 CONTROL INPUT (PIN 5). LIGHT CHANGES AND THE SETTING OF Rl 
DISCONNECTING THE WIRE AT PIN 5 TO SEE WHAT HAPPENS. 


BUILD AN OBJECT DETECTOR 

ANY DIFFERENT SENSOR CIRCUITS CAN BE USED TO DETECT NEARBY OBJECTS. YOU WILE USE 
THE PHOTORESISTOR SENSOR CARD TO BUILD AN OBJECT DETECTOR. A GREEN LED GLOWS 
WHEN AN OBJECT IS PLACED BEFORE THE PHOTORESISTOR. THE RED LED GLOWS WHEN THE 
OBJECT IS MOVED. 


PARTS YOU WILL NEED 


arcs —j_ pl hy 


Pe eR 

= 999. R1-10K (BRN-BLK-ORG) 1 RED LED 
R3, R4-1K (BRN-BLK-RED) 1 GREEN LED 

Lad 


49V +9V +GY +9y 
= ik 
\ “A : 
¥ = 1 | gen 
< = a < 
sw : Sap (4S (>. 
4 ‘% PHOTORESISTOR 
RY LED 
LIGHT MOVABLE ik 
SouRCE OBJECT R41 A 
ta oe 
GREEN \ i. 
> ee 
~ 
R ) 
i. O PUSH POWER AND DISPLAY SWITCHES OFF. 8. CO INSERT GREEN LED ACROSS T2 
2. (1 INSERT PHOTORESISTOR CARD IN SENSOR (ANODE) AND GROUND (CATHODE). 


yO" UI at WW 


SOCKET. 9. C1 CONNECT M4 TO GROUND (WHT). 
. © INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 10. O CONNECT J10 TO +9V (WHT). 
. EG INSERT R1 ACROSS Ki AND GROUND. 11. C1 CONNECT SPRING 1 TO +9V (WHT). 
. [ INSERT R3 ACROSS Il AND +9V. 12. LC. CONNECT SPRING 2 TO k4 (RED). 
. OD INSERT R4 ACROSS JS AND T3. 13. C1 CONNECT SPRING 13 TO J? (BLU). 


. [1 INSERT RED LED ACROSS 12 (ANODE) AND J2 14. O CONNECT SPRING 14 TO L4 (BLU). 


(CATHODE). 


15. C1 CONNECT SPRING 15 TO GROUND 
(RED). 


' 


INSPECT YOUR 


io 
WIRING FOR ERRORS. PUSH THE POWER SWITCH TO ON. PLACE A FINGER OVER 


THE LIGHT SENSITIVE PART OF THE PHOTORESISTOR CARD. ROTATE THE 100K CONSOLE POT 
(R2) UNTIL THE GREEN LED GLOWS. MOVE YOUR FINGER, AND THE RED LED GLows. 
EXPERIMENT WITH THE ADJUSTMENT OF R2 AND THE AMOUNT OF LIGHT AT THE CONSOLE. 


TRY THIS CIRCUIT W 


ITH THE EXTENSION CABLE. PUSH THE POWER SWITCH OFF AND INSERT 


THE PHOTORESISTOR CARD IN THE CABLE SOCKET. INSERT THE CABLE PLUG IN THE CONSOLE 
SENSOR SOCKET. ARRANGE THE POSITION OF THE PHOTORESISTOR CARD FOR EXPERIMENTS. FOR 


EXAMPLE, PLACE THE CARD FLAT ON A TABLE WTH THE LIGHT-SENSITIVE SIDE UP, AND 
ADJUST R2 TO TRIGGER THE RED LED WHEN AN OBJECT Is REMOVED FROM THE CARD. 
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pupiLD A BASIC PHOTORESISTOR LIGHT METER 
you CAN BUILD A SIMPLE BUT USEFUL LIGHT METER USING ONLY THE PH 
4 SINGLE POTENTIOMETER, AND THE LED READOUT. YOU WILL LEARN Ho 


OTORESISTOR CARD, 


seygiTIViTY OF THE LIGHT METER, ‘os 
FARTS YOU WILL NEED CIRCUIT DIAGRA 
LTP a - +9y 7 


+ —_—a 


i —— | 
= 4 
rue LED READOUT DOES NOT SEEM TO = 
<cNSTTIVE CIRCUITS, TOO MUCH LIGHT MAY 4 
- STRIKING THE LIGHT SENSOR. COVER Yi = 
Tue SENSOR OR PLACE THE CONSOLE IN A postr 


DARKENED AREA. rar READOUT 


“PUSH POWER AND DISPLAY SWITCHES OFF. 5. O CONNECT SPRINGS 14 AND 19 

™ INSERT PHOTORESISTOR CARD IN SENSOR (RED). 

SOCKET. 6. C1 CONNECT SPRING 15 TO GROUND 
3. 0 CONNECT SPRING 1 TO +9V (WHT). (RED). 
4. 1 CONNECT SPRINGS 2 AND 19 (BLU). 
2. TEST THE if 


BE SURE YOUR WIRING IS CORRECT. ROTATE THE 100k CONSOLE POTENTIOMETER (R1) ALL THE 
WAY TO THE LEFT. PLACE YOUR HAND OVER THE PHOTORESISTOR CARD TO SHADE IT FROM 
ROOM LIGHT. NOW PUSH THE POWER SWITCH TO ON AND THE DISPLAY SWITCH TO DOT MODE. 
THE LED READOUT SHOULD BE DARK OR THE NUMBER 1 LED MAY GLOW. VERY SLOWLY EXPOSE 
THE PHOTORESISTOR TO LIGHT WHILE ROTATING R1 TO THE RIGHT. HIGHER VALUE LEDS NOW 
s-OW. DARKEN THE PHOTORESISTOR TO RETURN THE BARGRAPH TO A LOWER POSITION. THE 
-IGHT METER |S MOST SENSITIVE WHEN R1 IS ROTATED ALL THE WAY TO THE RIGHT. 


-. - 
ee 


THE EXTENSION CABLE CONVERTS THE PHOTORESISTOR CARD INTO A MOVABLE LIGHT PROBE. 
PUSH THE POWER SWITCH TO OFF. INSERT THE PHOTORESISTOR CARD INTO THE CAI en 
~OCKET. PLUG THE CABLE INTO THE CONSOLE SENSOR SOCKET. PUSH THE POWER SWITCH TO 
ON. POINT THE PHOTORESISTOR IN VARIOUS DIRECTIONS AND TOWARD DIFFERENT LIGHT == 
SOURCES WHILE WATCHING THE READOUT BOUNCE UP AND DOWN. FOR A REALLY NE) = 
KPERIMENT, DIM THE ROOM LIGHTS AND ADJUST Ri UNTIL LED 1 GLOWS. IT } Nt 
NECESSARY TO PRIME THE CIRCUIT BY ALLOWING SOME ROOM LIGHT TO RE cH T PX 
"OTORESISTOR, POINT THE PHOTORESISTOR CARD AT LED 1. IF YOU MOVE Uris. saa 
TOWARD LED 10, A GLOWING LED WILL FOLLOW THE CARD. MOVE THE ENSOR 6 


1, AND A GLOWING LED FOLLOWS. 


“NAT USES CAN YOU THINK OF FOR A ROW OF LEDS THAT TRACKS THE PO 


crutt SENSOR? CAN THIS METHOD BE USED TO MOVE A SPOT OF LIGHT ON 
REN? (YEs.) 


BUILD AN ULTRA-SENSITIVE LIGHT METER 
THE SUPPLIED PHOTORESISTOR SENSOR CARD CAN BE MADE MUCH MORE SENSITIVE BY ADDING 


AN AMPLIFIER. CONNECT THE PHOTORESISTOR TO ON 
TIONAL AMPLIFIER TO INCREASE ITS SENSITIVITY. 


E oF THE AMPLIFIERS IN THE 272 OPERA 


PARTS YOU WILL NEED 


ee || Pel 
Ri-10K (BRN-BLK-ORG) 
R2-1k (BRN-BLK-RED) 


PRHOTORESISTOR 


LR L 


1. BUILD THE CIRCUIT 


i. 1) PUSH POWER AND DISPLAY SWITCHES OFF. 

2. CJ INSERT PHOTORESISTOR CARD IN SENSOR 
SOCKET. 

. O INSERT 272 iC ACROSS SLOT (PIN 1 AT J5). 

4. C1 INSERT R1 ACROSS L3 AND M3. 

- 1 INSERT R2 ACROSS kl AND M2. 


W 


U7 


OO00000000 


1M READOUT 


6. LJ CONNECT M1 TO GROUND (WHT). 
7. O CONNECT J10 TO +9V (WHT). 

&. C1 CONNECT SPRING 1 TO +9V (WHT). 
97. C1 CONNECT SPRING 2 TO L4 (RED). 
10. C1 CONNECT SPRING 17 TO k4 (BLU). 
11, C1 CONNECT SPRING 18 TO J4 (BLU). 
12. C1 CONNECT SPRING 19 TO Ji (RED). 


CHECK YOUR WIRING FOR POSSIBLE ERRORS. THEN DIM THE ROOM LIGHTS OR PLACE THE 
CONSOLE IN A SHADED AREA. ROTATE THE 1M CONSOLE POTENTIOMETER (R3) ALL THE WAY 


TO THE LEFT. PUSH THE POWER SWITCH TO ON AND PUSH THE DISPLAY SWITCH TO DOT 
MODE. IF THE PHOTORESISTOR IS DARK, NONE OR ONE OF THE LOWEST LEDS GLOWS. SLOWLY 
EXPOSE THE PHOTORESISTOR TO LIGHT. HIGHER VALUE LEDS N 


PHOTORESISTOR TO RETURN THE BARGRAPH TO A LOWER Pos\ 


ROTATE R3 ALL THE WAY TO THE RIGHT. 


3. GOING FURTHER 


OW GLOW. DARKEN THE 
TION. FOR MAXIMUM SENSITIVITY, 


IT MAY BE EASIER TO DARKEN THE PHOTORESISTOR LJ 
CONNECT THE SENSOR CARD TO THE CONSOLE sockE 


PHOTORESISTOR SENSOR CARD FACE DOWN ON A FLA 
CLOTH OR PAPER. THIS ALLOWS YOU To TEST THE 


e 


SING THE EXTENSION CABLE TO 

T. YOU CAN THEN PLACE THE 

T SURFACE AND COVER IT WITH DARK 
CIRCUIT WITH THE ROOM LIGHTS ON. 


“You Wil BUILD AN OPTICAL FEEDBACK CIRCUIT THAT SENSES THE PRESENCE OF AN OBJECT. 
rPARTS YOU WILL NEED 


B76S5S 
Lb 292 R2-10K (BRN-BLK-ORG) LED 1-GREEN LED 
R3-1K (BRN-=BLK-RED) 
me es 
i, Wen 
FIRCUIT DIAGRAM 
+QOV/ + 9V ash 


1. BUILD THE CIRCUIT 


1. DO PUSH POWER AND DISPLAY SWITCHES OFF. 7. O BEND LED TO PHOTORESISTOR CARD. 
LC) CONNECT M4 TO GROUND (WHT). 
9. 1 CONNECT J10 TO +9V (WHT). 

10. CL) CONNECT SPRING 1 TO +9V (WHT). 
~ 1 INSERT R2 ACROSS L2 AND GROUND. ll. C1 CONNECT SPRING 2 TO L4 (RED). 
> O INSERT R3 ACROSS TS AND +9V. 12, CO CONNECT SPRING 13 TO +9V (BLU). 
* O INSERT GREEN LED ACROSS Ti (ANODE) AND 13. (1 CONNECT SPRING 14 TO k2 (BLU). 

J4 (CATHODE), 14. O CONNECT SPRING 15 TO GROUND 
(RED). 


‘INSERT PHOTORESISTOR CARD IN SENSOR 8. 
SOCKET. : 


°- O INSERT 272 IC ACROSS SLOT (PIN 1 AT JS). 


4 — 


\2. TEST THE CIRCUIT 


‘i SURE YOUR WIRING IS CORRECT AND THAT THE LED POINTS To THE PHOTORESISTOR CARD. 

a THE LIGHTS AND ROTATE THE 100K CONSOLE POT (R1) ALL THE WAY TO THE LERT. PUSH 

he POWER SWITCH TO ON AND ROTATE R1 TO THE RIGHT UNTIL THE LED JUST GLOWS. 

BR| CE A PENCIL oR FINGER BETWEEN THE LED AND THE PHOTORESISTOR. THE LED an 

A GHTENS, REMOVE THE OBJECT AND THE LED DIMS AGAIN. FOR MORE DRAMATIC RESULTS, 
JUST RI UNTIL THE LED IS FAIRLY BRIGHT AND REPEAT THE EXPERIMENT. 


5. GOIN | 
Tas a G FURTHER 


RCUIT OSCILLATES, PRODUCING AROUND 120,000 PULSES PER SECOND. WHEN LIGHT 

S ’ ’ ‘ 

rane THE PHOTORESISTOR, THE AMPLIFIER SENDS LESS CURRENT TO THE LED. THIS CAUSES 
AMPLIFIER TO SEND MORE CURRENT TO THE LED. 


BUILD A LIGHT-ACTIVATED BUZZER 


BUILD A CIRCUIT THAT TRIGGERS THE BUZZER WHEN LIGHT STRIKES THE PHOTOTRANSISTOR. 
PARTS YOU WILL NEED 


yd rhiel mee =) 
RI-10K (BRN-BLK-ORG) 
— '. R3-IK  (BRN-BLK-RED) 


CIRCUIT DIAGRAM 


Q1-POWER FET 


+9y + 9V +9V +9V 


BUZZER 
22 


1. BUILD THE CIRCUIT 


1. OD PUSH POWER AND DISPLAY SWITCHES. OFF. 10. C1 CONNECT SPRING 1 TO +9V (WHT). 
2. [) INSERT PHOTOTRANSISTOR CARD IN SENSOR 11. 1 CONNECT SPRING 2 TO L4 (RED). 


SOCKET. 12. LC) CONNECT SPRING 21 TO AS (RED). 
3. LC INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 13. O CONNECT SPRING 22 TO GROUND 
4. 1 INSERT Qi AT Ci (G), Bl (D) AND Al (S). (BLU). 
5. CJ INSERT R1 ACROSS L3 AND GROUND. 14. C1 CONNECT SPRING 13 TO GROUND 
6. (1) INSERT R3 ACROSS C3 AND J3. (RED). 
7. 1) CONNECT M1 TO GROUND (WHT). 15. CL) CONNECT SPRING 14 TO ki (BLU). 
8. (1 CONNECT J10 TO +9V (WHT). 16. CL] CONNECT SPRING 15 TO +9V (BLU). 
9. [1 CONNECT B4 TO +9V (WHT). 


CHECk YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH TO ON. SHIELD THE 
PHOTOTRANSISTOR FROM DIRECT LIGHT. ROTATE THE 100k CONSOLE POT (R2) UNTIL THE 
BUZZER JUST BECOMES SILENT. REMOVE YOUR HAND, AND THE BUZZER SOUNDS. 


BUILD A DARK-ACTIVATED BUZZER 
YOU WILL CONVERT THE LIGHT-ACTIVATED BUZZER ABOVE To A DARK-ACTIVATED BUZZER. 


1, O PUSH THE POWER SWITCH TO OFF, | oo ee ee | 


3. O MOVE THE RED WiRE AT L4 To ka, 
2. MOVE THE BLU WIRE AT k1 TO LI, 4. C MOVE RI FROM L3 TO k3. 


PUSH THE POWER SWITCH TO ON. SHIELD THE PHOTOTRANSISTOR FROM LIGHT AND THE 
BUZZER SOUNDS. ADJUST THE 100k CONSOLE POT (R2) TO ADJUST THE SENSITIVITY. 


“<. 


‘puILD_A LIGHT-ACTIVATED TQ 
v5) Wil BUILD A CIRCUIT THAT EMITS A TONE WHEN STRUCK BY LIGHT. 


rPARTS YOU WILE NEED 


~— oa 


R1-10K (BRN-BLK-ORG) C1-0.1 UF (104) 


“RCT DIAGRAM 


“Wy OSV + 4v + 9yv 


ADJUST R3 TO CHANGE 
< THE TONE FREQUENCY. 


TL SPKR 


PUSH POWER AND DISPLAY SWITCHES OFF. 15. 11 CONNECT P9 TO S9 (WHT). 


TAICC 


INSERT PHOTOTRANSISTOR CARD IN SENSOR 16. (1 CONNECT S10 TO T10 (WHT). 


nan 


OCKET. 17. C1 CONNECT T9 TO GROUND (WHT). 
INSERT 272 \C ACROSS SLOT (PIN 1 AT £5). 18. (1 CONNECT SPRING 1 TO +9V (WHT). 
TAC 


INSERT 4011 IC ACROSS SLOT (PIN 1 AT NS). 19. C1 CONNECT SPRING 2 TO G4 (RED). 


fal foetal Ted La ed Ce ed Ce) } 


INSERT R1 ACROSS G3 AND HS. 20. C1 CONNECT SPRINGS 24 AND 25 (WHT). 
INSERT C1 ACROSS O1 AND QI. 21. C1 CONNECT SPRINGS 23 AND 26 (RED). 
CONNECT H1 TO GROUND (RED). 22. C1 CONNECT SPRING 27 TO Q4 (RED). 

6. 0 CONNECT E10 TO +9V (WHT). 23. C1 CONNECT SPRING 28 TO GROUND (RED). 

7. 0 CONNECT T4 TO GROUND (WHT). 24. C1 CONNECT SPRING 13 TO 04 (RED). 

10. 0 CONNECT N9 TO +9V (RED). 25. CO CONNECT SPRING 14 TO P4 (BLU). 

4. 0 CONNECT E4 TO N4 (WHT). 26. CT CONNECT SPRING 16 TO GROUND (BLU). 

12. CONNECT P3 TO R3 (WHT). 27. C1 CONNECT SPRING 17 TO Fi (BLU). 

*»- 0 CONNECT R2 TO S2 (WHT). 28. C1 CONNECT SPRING 18 TO +9V (BLU). 

ac “CONNECT 010 TO P1O (WHT). 

¢. TEST THE T 


“HECK FOR ERRORS. PUSH THE POWER SWITCH ON. SHADE THE SENSOR WITH YOUR HAND. 
‘OTATE IM POT (R2) UNTIL TONE IS JUST OFF. MOVE YOUR HAND. THE TONE SOUNDS: 
BUIL RK-ACTIVATED TON 


OU WILL MODIFY THE CIRCUIT ABOVE TO EMIT A TONE WHEN DARK, 


1. BUILD THE CIRCUIT 


~ Q PUSH THE POWER SWITCH TO OFF. 3, C) MOVE THE RED WIRE AT G4 TO FX 
-U MOVE THE BLU WIRE AT Fl TO Gl. 4, C) MOVE R1 FROM G3 TO FS. 


fog | a! : 
HE POWER SWITCH ON. SHIELD THE PHOTOTRANSISTOR AND THE TONE SOUNDS 
T THE IM CONSOLE POT (R2) TO INCREASE THE SENSITIVITY. 


PUSH 
ADIUs 


RDILD / = -PHOTOTRANSISTOR LIGHT METER ——_—__ 
+ ; A_BA PHO OTB | a a Aaa CARD, A SINGLE “a 
YOU WILL BUILD A SIMPLE LIGHT METER USING THE ie squat THE LIGHT METER 
POTENTIOMETER, AND LED READOUT. YoU WILL LEARN 


SENSITIVITY. 


PARTS YOU WILL NEED CIRCUIT DIAGRAM 


a) 


PHOTOT RAN SISTOR 


R14 
100K 


DO00000000 


14 


= READOUT 


1. BUILD THE CIRCUIT =a 

1. & PUSH POWER AND DISPLAY SWITCHES OFF. 4. CO CONNECT SPRINGS 2 AND 19 (BLU). 

2. [ INSERT PHOTOTRANSISTOR CARD IN 5. [ CONNECT SPRINGS 14 AND 19 (RED). 
SENSOR SOCKET. 6. CO CONNECT SPRING 15 TO GROUND 


3. [1 CONNECT SPRING 1 TO +9V (WHT). (RED). 


CHECK YOUR WIRING FOR ERRORS. ROTATE THE 100k CONSOLE POT (RI) ALL THE WAY TO THE 
LEFT. SHADE THE PHOTOTRANSISTOR CARD TO BLOCK LIGHT. THEN PUSH THE POWER SWITCH 
ON AND THE DISPLAY SWITCH TO DOT MODE. THE LED READOUT IS DARK. SLOWLY E&) POS' 
THE PHOTOTRANSISTOR TO LIGHT WHILE ROTATING R1 TO THE RIGHT. HIGHER VALUE LED 
NOW GLOW. DARKEN THE PHOTOTRANSISTOR TO RETURN THE BARGRAPH TO A LOWER 7 
POSITION. ROTATE R1 ALL THE WAY TO THE RIGHT FOR THE HIGHEST SENSITIVITY. 


_ GOING FURTHER _z 


USE THE EXTENSION CABLE TO CONVERT THE PHOTOTRANSISTOR CARD INTO A MOVABLE 
LIGHT PROBE. PUSH THE POWER SWITCH OFF AND INSERT THE PHOTOTRANSISTOR CARD INTC 
THE CABLE SOCKET. PLUG THE CABLE INTO THE CONSOLE SENSOR SOCKET. NOW PUSH THE 
POWER SWITCH ON, AND POINT THE PHOTOTRANSISTOR IN DIFFERENT DIRECTIONS WHILE 
WATCHING THE READOUT BOUNCE UP AND DOWN. 


ay 


THE BASIC PHOTORESISTOR LIGHT METER PROJECT ON PAGE 85 DE AKE > 
LEDS IN THE READOUT FOLLOW THE POSITION OF THE PHOTORESISTOR, TRY Eien rH TH 
PHOTOTRANSISTOR CARD. FIRST, DIM THE ROOM LIGHTS AND ADJUST RI UNTIL LED 2 GLO 
POINT THE PHOTOTRANSISTOR CARD AT LED 1, MOVE THE SENSOR CARD TOWARD LED 10, 


AND A GLOWING LED FOLLOWS THE CARD. MO Re 
GLOWING LED FOLLOWS. VE THE SENSOR CARD BACK TO LED 1, AN 


INVENTION BOX | 


THIS CIRCUIT AND THE ONE ON PAGE 85 ARE sim i | a 
PEN TO MOVE A DOT ON A COMPUTER SCREEN. wre scant “a BEST F ALLOW A | 
THE PHOTORESISTOR OR THE PHOTOTRANSISTOR? (THE PHOT EST FOR THIS A 
\T RESPONDS FASTER.) OTRANSISTOR IS BES? 


90 


BUILD 


; =. 
\_SUPER-SENSITIV RADIOMETER ee 7 
SENSITIVITY OF THE PHOTOTRANSISTOR SENSOR CARD CAN BE GREATLY INCREASED 
fee THE HELP OF AN AMPLIFIER. YOU WILL INCREASE THE SEN Bs 
D4OTOTRANSISTOR BY CONNECTING IT TO THE 272 OPERATIONAL 


'\ 


a 


SITIVITY OF THE 
AMPLIFIER. 


PHOTOTRAN S\STOR 


—7_j— 


R1-10K (BRN-BLK-ORG, 
R2-1kK (BRN-BLK-RED) 


RL 
10K 
| a3 
= aie = Lah 
1. BUILD THE CIRCUIT 
1. O PUSH POWER AND DISPLAY SWITCHES b. C1 CONNECT M1 TO GROUND (Wi 
OFF. 7. C1 CONNECT J10 TO +9V (WHT). 
¢. © INSERT PHOTOTRANSISTOR CARD IN SENSOR 8. [J CONNECT SPRING 1 TO +9V (WHT. 
SOCKET. 9. CX CONNECT SPRING 2 TO L4 (RED 
°C INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 10. O CONNECT SPRING 17 ~ 
1. O INSERT R1 ACROSS L3 AND M3. ll. C1 CONNECT SPRING 18 7 ww 
5. O INSERT R2 ACROSS kl AND M2. 12. C1. CONNECT SPRING 19 TO . 


2. TEST THE CIRCUIT 
TO MAKE SURE THE 
AREA. NEXT, 
PUSH THE Po 
PHOTOTRANSISTOR 
SLOWLY EXPOSE THE 
PHOTOTRANSISTOR TO 
SENSITIVITY, ROTATE 
10k POT. 


CONSOLE 


_ SOCKET WITH THE EXTENSION CABLE. PLACE THE PH OT OTRAS 
te ri ON A FLAT SURFACE AND COVER IT WITH DARK | 


E CIRCUIT WITH THE ROOM LIGHTS ON. 


IS DARK, NONE OR ONE OF THE LOWEST LEDS GLOWS. AS YO :* 
PHOTOTRANSISTOR TO LIGHT, HIGHER VALUE LEDS GLOW. Dé 

RETURN THE BARGRAPH TO A LOWER POSITION. FOR HIGE 

R3 ALL THE WAY TO THE RIGHT. TOO SENSITIVE? Ch 


5. GONG FURTHER —Ta 


A WITH THE PHOTORESISTOR VERSION OF THIS CIRCUIT ON PAGE 86, IT MA\ 
RKEN THE PHOTOTRANSISTOR IF YOU CONNECT THE PHOTOTRANSISTOR C 


= 
= 


TH i 


YOU WILL BUILD AN AUDIO OSCILLATOR WHOS 
WILL EITHER DECREASE OR INCREASE THE TON 


PASTOTRAN SISTOR 


Ri 
10K 


1. BUILD THE CIRCUIT 


LED OSCILL 
— TONE CHANGE 
E FREQUENCY. 


PARTS YOU WILL NEED — 


C1-0.1 UF (104) 


TO w 
S WITH LIGHT. BRIGHTER LIGH 


—fL_}— 


R1, R3, R5-10K (BRN-BLK-ORG 
R2-1K (BRN-BLK-RED) 
Rb-270 (RED-VIO-BRN) 


SPKR 


1. O PUSH POWER AND DISPLAY SWITCHES OFF. 
C1 INSERT PHOTOTRANSISTOR CARD IN SENSOR 
SOCKET. 

. CO INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 
. OF INSERT 555 IC ACROSS SLOT (PIN 1 AT QS). 
. [1 INSERT R1 ACROSS L3 AND M3. 

. 1 INSERT R2 ACROSS Kl AND M2. 

. 1 INSERT RS ACROSS J2 AND k2., 

. © INSERT R5 ACROSS R1O AND S10. 

. [1 INSERT R& ACROSS Cé AND +9v, 

. © INSERT C1 ACROSS R1 AND GROUND. 

. O& CONNECT M1 TO GROUND (WHT). 


v 


eS UT ot WwW 


ERD ON 


12. O CONNECT J10 TO +9V (WHT). 
13. C1 CONNECT J9 TO Q9 (WHT). 
14. O CONNECT J4 TO T7 (WHT). © 
15. C1 CONNECT Q? TO T4 (WHT). 
1b. C. CONNECT R4 TO S7? (WHT). — 
17. O CONNECT Ql TO GROUND (WHT). 
18. C1) CONNECT SPRING 1 TO +9V (WM 
19. C1 CONNECT SPRING 2 TO L4 ¢ 
20. C1 CONNECT SPRING 23 TO C10 


22, [1 CONNECT SPRING 13 TO R9 (BLU) 
25. C1] CONNECT SPRING 14 TO +9V (BL 


ATL, ys 


F NU 


LIGHT. THE FREQUENCY OF THE BUZZ DECREASES, Rom tre eT TRANSISTOR CARD FRO 


THE TONE FREQUENCY. 
7 & p s i) 


You CAN INCREASE THE TONE FREQUENCY By 


PHOTOTRANSISTOR CARD TO THE REMOTE LINK CHANGING C1 TO 0,01 UF (103), CONNE 


AT VARIOUS LIGHT SOURCES, 


AND YOU CAN POINT THE PHOTO 


: 
% 
— 


BUILD A PHOTOTRANSISTOR FEEDBACK CiRCUr 
PAGE 87 SHOWS HOW TO BUILD AN OPTICAL FEEDBACK CIRCUIT ysinc 3 
cARD AND A GREEN LED. HERE YOU WILL BUILD A SIMILAR CIRCUIT. T 
PHOTOTRANSISTOR CARD AND A RED LED. You WILL LEARN WHY THE P 
RESPONDS BETTER TO RED LIGHT THAN TO GREEN, 8 
PARTS YOU WILL NEED 


aros 


baa | Nua 
1234 


t 


CHECK FOR ERRORS. MAKE SURE THE LED IS 
THE LIGHTS AND PLACE oe aa © WHE 
TATE THE 10k CONSOLE POT (R2) TO T | 
TOWARD THE RIGHT UNTIL THE LED GLOWS. PLACE A PEN 
LED AND PHOTOTRANSISTOR. THE LED BRIGH FEN! voy Mo 
Dim AS BEFORE. AS WITH THE CIRCUIT ON rye Laer 
DRAMATIC RESULTS. ROTATE Pe rik tar Got 


fe ee | | 


AND CATHODE A 
our A 


» 


BUILD A LIGHT BEAM AUDIO RECEIVER 


BUILD A SENSITIVE LIGHT BEAM RECEIVER THAT CONVERTS Midplaa alcl a= pa a 
REMOTE CONTROL UNIT INTO SOUND. LEAVE THIS CIRCUIT IN PLACE 
ON PAGE 95. 


PARTS YOU WILL NEED 


i e765 8765 —y)_— 
5 r meiner rliniialin Ni) PT, 
ye | | C1-0.1 UF (04) RI-10K (BRN-BLK-ORG) 
al cr UFO) eee 
j Fe 


+9V 


PHOTOTRANSISTOR 


Ri 
10K 


1. BUILD THE CIRCUIT 
. 1) PUSH POWER AND DISPLAY SWITCHES OFF. 14. 11 CONNECT SPRING 1 TO +9V (WHT). 


IN oe 


1 INSERT PHOTOTRANSISTOR CARD IN 15. C1 CONNECT SPRING 2 TO HS (RED). 
SENSOR SOCKET. 16. CL) CONNECT SPRING 10 TO Ji (RED). 
%. © INSERT 272 IC ACROSS SLOT (PIN 1 AT J5). 17. O CONNECT SPRING 11 TO Cl (BLU). 
4. [1 INSERT 386 IC ACROSS SLOT (PIN 1 AT AS). 18. CO CONNECT SPRING 12 TO GROUND 
S. 1 INSERT R1 ACROSS H4 AND M4. (RED). 
tb. 1 INSERT R35 ACROSS JS AND K3. 19. C1 CONNECT SPRING 13 TO +9V (BLU). 
7. - gh oe is wae! et poe i 20. C1 CONNECT SPRING 14 TO LI (BLU). 
8. + (-), 21. O CONNECT sP D 
9. (© CONNECT Ml! TO GROUND (WHT). (RED). STRING: ae 
10. O shirt a TE Set AUT 22. C1 CONNECT SPRING 23 TO Fl0 (RED). 
uu. O CONNEC ). 23. C1 CONNECT SPRING 24 TO GROUND 
12. ( CONNECT D1 TO GROUND (RED), 


. 1 CONNECT C10 TO +9V (WHT), (RED), 


— 
WG 


THIS CIRCUIT 1S VERY SENSITIVE. IF YOU HEAR A LOUD BUZZ 
THE ROOM LIGHTS, WHICH ARE MODULATED AT 
BUZZ BY POINTING THE PHOTOTRANSISTOR A 


» IT IS PROBABLY DETECTING 


CONSOLE POT R2 FOR BEST SOUND. RY TO CONTROL THE VOLUME, ADJUST 100K 
"4 


Ee 


BUILD A SIMPLE LE 


RECEIVER ON 
D THIS CIRCUI 


PARTS YOu WILL NEED 
a7es een 


oon 
b o55 | C341 UF 


+9Oy mh AN / 


1. BUILD THE CIRCUIT 

1. O PUSH POWER AND DISPLAY SWITCHES OFF. 

0 INSERT 555 IC ACROSS SLOT (PIN 1 AT QS). 

. O INSERT R& ACROSS R1O AND S10. 

. DO INSERT R7 ACROSS PS AND Q8. 

. O INSERT C3 ACROSS S9 (+) AND GROUND (-). 

Ci INSERT LED ACROSS Pl (ANODE) AND Sl 
(CATHODE). 


o- ow? of W fT 


5 AN_LED TRANSMITTER FOR TH 
D TRANSMITTER THAT SENDS A RAPID STREAM OF PULSES TO 

PAGE 94. BE SURE TO LEAVE THE CIRCUIT ON PAGE 94 IN PLACE. 

+ ON THE UNUSED SPACE AT THE BOTTOM OF THE BREADBOARD. 


|) 


Rb-10K (BRN-BLK-ORG) 
R7-470 (YEL-VIO-BRN) 


reiRculT DIAGRAM : 
Sa | 


LED 
¥ f 
S FLAT 
SPOT 


LIGHT PULSES FROM LED. 


IGHT_ RECEIVER 


psy 


1 RED LED 


be 0.006 SECOND 


VN 


= 


7. E CONNECT Q1 TO GROUND (WHT). 
8 © CONNECT Q10 TO J9 (WHT). 
9, C1 CONNECT T4 TO Q7 (WHT). 
10. C CONNECT R4 TO S7 (WHT). 
11. ( CONNECT SPRING 16 TO R9 (BLU). 
12. E CONNECT SPRING 17 TO Q? (BLU). 


2. TEST THE CIRCUIT 


CHECK FOR WIRING ERRORS. BE SURE YOU HAVE NOT DISCONNECTED ANY WIRES ON 


RECEIVER CIRCUIT. REMOVE THE PHOTOTRANSISTOR CARD FROM THE CONSOLE SOCKET AND — 
NECT IT TO THE CONSOLE USING THE REMOTE LINK. DIM THE ROOM LIGHTS TO FREVENS — 


ntbeep irc ROTATE THE IM CONSOLE POTENTIOMETER (R5) ALL THE WAY TO THE | 
antl He POWER SWITCH ON. THE LED FLASHES VERY SLOWLY. ROTATE R5 TO THE § 
me LED FLASHES RAPIDLY. POINT THE PHOTOTRANSISTOR CARD AT THE LED. Y 
Meer we A LOUD BUZZ FROM THE CONSOLE SPEAKER. MOVE THE PHOTOTRA R 
DISAPPEA THE VOLUME OF THE BUZZ DECREASES SHARPLY. THE BUZZ MAY 

R, EVEN WHEN THE PHOTOTRANSISTOR CARD IS COMPLETELY BLOCKED 
nigel ent SIGNAL IS SENT DIRECTLY TO THE RECEIVER. SOME OF THE SIGNAL !> 
ELECT por Are StTARED POWER SUPPLY CONNECTIONS. THE REMAINDER IS SENT As At 

OMAGNETIC PULSE TO THE RECEIVER WIRES. i, 


THE PULSING 


DIN P > 


& 


THE aoe aad — 
RECEIVER IS VERY SENSITIVE. IF THIS IS A PROBLEM, REDUCE THE VALUE 0 
CUIT (PAGE 94) FROM IM TO 100k (BRN-BLK-YEL) OR EVEN 10k (BRN-BL 


RECEIVER cip 


LAS Lic 
nes 
4 SH) 


-* 


GOING FURTHER WITH EL CTRONIC S NSORS 
YOU CAN BUILD USING YOUR RADIOSHACK 
PERMANENT VERSIONS OF THE CIRCUITS IN 


THERE ARE MANY CIRCUITS AND PROJECTS THAT 
ELECTRONIC SENSORS LAB. YOU CAN ALSO BUILD 

THIS MANUAL OR CIRCUITS THAT YOU DESIGN. YOU CAN FIND STANDARD CIRCUIT BOARDS, 
ELECTRONIC PARTS, HARDWARE, ENCLOSURES, SOLDERING MATERIALS AND OTHER SUPPLIES AT 
RADIOSHACK. REMEMBER, OF COURSE, THAT THE CIRCUITS IN THIS MANUAL ARE FOR EDUCA 
TIONAL USE, SCIENCE PROJECTS AND JUST PLAIN FUN. THEY ARE NOT DESIGNED FOR ANY 
HEALTH PURPOSE OR FOR ANY APPLICATION IN WHICH PROPERTY OR PEOPLE MIGHT BE INJURED. 


MERE ARE SOME IDEAS FOR ADDITIONAL PROJECTS AND APPLICATIONS: 


1. AROUND THE HOUSE 
USE A PHOTOTRANSISTOR OR PHOTORESISTOR AND A LIGHT SOURCE TO DESIGN AN 


ANNUNCIATOR SYSTEM THAT SOUNDS A BUZZER WHEN A VISITOR AT YOUR FRONT DOOR 
RREAKS A LIGHT BEAM. USE A PHOTOTRANSISTOR, PHOTORESISTOR OR MAGNET AND MAGNET 
SWITCH TO BUILD AN ELECTRONIC MAILBOX INDICATOR THAT FLASHES AFTER THE MAILMAN 
OPENS YOUR MAILBOX. USE A PHOTOTRANSISTOR TO MAKE A PORTABLE TESTER FOR INFRARED 


REMOTE CONTROL UNITS. 


2. SCIENCE PROJECTS 

USE A LIGHT-SENSITIVE RADIOMETER TO RECORD THE LEVEL OF SUNLIGHT AT THE SAME 
LOCATION AT NOON FOR A FULL YEAR. ADJUST YOUR CIRCUIT SO THAT IT GIVES THE 
HIGHEST SIGNAL ON A BRIGHT, CLEAR SUMMER DAY. USE A THERMISTOR TO BUILD A REMOTE 
THERMOMETER THAT INDICATES TEMPERATURE WITH A BLINKING LED. 


USE A MAGNET AND HALL SENSOR TO MAKE A SEISMOMETER SENSITIVE ENOUGH TO DETECT 
DISTANT EARTHQUAKES. YOU WILL KNOW YOUR CIRCUIT IS VERY SENSITIVE IF IT DETECTS 
TRAFFIC ON A NEARBY HIGHWAY. 


3. EXPERIMENTAL CIRCUITS 
SUBSTITUTE SENSORS OF YOUR OWN SELECTION INTO VARIOUS CIRCUITS DESCRIBED IN THIS 
MANUAL. FOR EXAMPLE, SOLAR CELLS ARE EXCELLENT LIGHT SENSORS. BE SURE TO OBSERVE 
THE SPECIFICATIONS OF THE SENSOR TO AVOID DAMAGING IT. 


ADD DIGITAL INTEGRATED CIRCUITS TO YOUR SENSORS LAB KIT AND DESIGN CIRCUITS THAT 
INTERFACE SENSORS WITH DIGITAL CIRCUITS. 


BUILD A LIGHT-SENSITIVE CIRCUIT THAT IS ACTIVATED BY A SPOT OF LIGHT ON A COMPUTER 
SCREEN. THEN WRITE A SIMPLE COMPUTER PROGRAM TO TRIGGER A BUZZER OR TONE WHEN 
THE LIGHT SPOT IS PRESENT. 


4, JUST FOR FUN 
USE A PHOTORESISTOR TO DESIGN AN ELECTRONIC MUSICAL 
A FLASHLIGHT BEAM. INSTRUMENT THAT IS PLAYED BY 


LSE A PHOTORESISTOR OR PHOTOTRANSISTOR TO MAKE AN OPTOE 

LECTRONIC 
THAT TRIGGERS A BUZZER WHEN YOU MANAGE TO FLASH A SPOT OF ghee ¥c arc: 
MOUNT THE LIGHT SENSOR AT THE CENTER OF THE TARGET. 


USE A PHOTORESISTOR OR PHOTOTRANSISTOR TO MAKE A LIGHT 
-T 7: 
AND PLACE IT IN A REFRIGERATOR. WHEN THE DOOR |S OPENED, TRB GERRD DURFEE CREE 


1 


a 


TROUBLESHOOTING PROBL CIRCUITS 


YOUR CIRCUITS SHOULD WORK THE FIRST TIME YOU PUSH THE POWER SWITCH ON IF You 
FOLLOW THE STEP-BY-STEP INSTRUCTIONS, USE THE CORRECT PARTS, AND DONT BECOME 
RUSHED. BUT SOMETIMES A CIRCUIT WILL NOT WORK PROPERLY. WHILE THIS CAN BE FRUS- 
TRATING, IT'S A ROUTINE PART OF EXPERIMENTING WITH ELECTRONIC CIRCUITS. HERES HOW 


TO TROUBLESHOOT A PROBLEM CIRCUIT: 
1. PUSH THE POWER SWITCH TO THE OFF POSITION. 


> BE SURE A 9-VOLT BATTERY IS INSTALLED IN THE CONSOLE. CHECK TO MAKE SURE IT IS 
INSTALLED PROPERLY AND THAT IT IS FRESH. 


3. BE SURE THAT EXPOSED WiRE LEADS DO NOT TOUCH ONE ANOTHER. 


4 THE WIRE CONNECTION LEADS CAN SOMETIMES WORK LOOSE. BE SURE ALL THE LEADS ARE 
FULLY INSERTED INTO THE BREADBOARD HOLES. 


CHECK TO MAKE SURE YOU DIDN'T LEAVE OUT A PART OR WIRE. (THIS WON'T HAPPEN IF 
OL) COLLECT ALL THE PARTS BEFORE YOU BUILD THE CIRCUIT.) 


(Vu 


>. 
\ 


L. MAKE SURE YOU INSTALLED THE CORRECT PARTS. DOUBLE CHECK PART NUMBERS AND RESIS- 
FOR COLOR CODES (RED CAN LOOK LIKE ORANGE). IF THE NUMBERS ON TRANSISTORS AND ICS 
ARE HARD TO READ, HOLD THE PART UNDER A BRIGHT LIGHT. 


>. ELECTROLYTIC CAPACITORS, LEDS, TRANSISTORS AND INTEGRATED CIRCUITS MUST BE IN- 
STALLED WITH THE LEADS OR PINS IN A SPECIFIC DIRECTION. BE SURE NONE OF THESE PARTS 


ARE INSTALLED BACKWARDS. 


2. ALL UNUSED INPUTS (NOT OUTPUTS) OF THE 4011 MUST BE CONNECTED TO GROUND OR THE 
POSITIVE POWER SUPPLY (+ VOLTAGE). A CIRCUIT MAY WORK IF YOU DONT DBO THIS. BUT UN- 
CONNECTED INPUTS ACT LIKE TINY ANTENNAS THAT CAN SWITCH LOGIC CHIPS OFF AND ON. 
THIS CAN CAUSE ERRATIC OPERATION AND EXCESSIVE CURRENT DRAIN. 


9. FREQUENTLY USED MECHANICAL PARTS, LIKE THE CONSOLE SWITCHES AND POTENTIOM— 
ETERS, TEND TO FAIL BEFORE COMPONENTS WITHOUT MOVING PARTS. IF A CIRCUIT DOESN T 
RESPOND WHEN YOU TURN A POTENTIOMETER KNOB, TRY BYPASSING IT WITH TWO RESISTORS. 


10. IF YOU TOOK SHORTCUTS OR MADE CHANGES TO A CIRCUIT, TRY REBUILDING THE ciRCUIT 
EXACTLY AS SHOWN IN THE CIRCUIT DIAGRAM. MAKE CHANGES TO PROJECTS ONLY AFTER THE 
CIRCUIT IS WORKING. 


34 


ne ml THE CIRCUIT STILL FAILS TO WORK, CHECK THE CONNECTIONS OF EACH PIN OR LEAD | | 
Arete td THE CIRCUIT DIAGRAM. IF THE CIRCUIT USES AN IC, CHECK THE CONNECTIONS | 
wh . BEGIN AT PIN 1 AND WORK AROUND THE CHIP PIN BY PIN. YOU WILL QUICKLY FIND 
SING OR INCORRECTLY INSTALLED WIRES AND PARTS. 

G TO FIND 


1 SEMEN YOU CAN FIX A CIRCUIT FASTER BY REBUILDING IT THAN BY TR) 
PARTS Ato ASA LAST RESORT, REMOVE ALL THE WIRES AND PARTS: MAKE 
BE BAD. Try HE CORRECT ONES AND START OVER, IF THE CIRCUIT STILL FAILS: 
FAILS TO USING A SUSPECT TRANSISTOR OR IC IN A DIFFERENT CIRCUIT. 2F 0% 

WORK, THE TRANSISTOR OR Ic MAY BE BAD, A 


manship ‘under normal use for piney (90) days from 


and 
Reaieshack Panehiseet and dealers. EXCEPT AS PROVIDED HEREIN, 
INCLUDING THOSE OF MERCHANTABILITY AND FITNESS FOR A 
RITTEN LIMITED WARRANTIES CONTAINED HEREIN, EXCEPT AS 
) CUSTOMER OR ANY OTHER PERSON OR ENTITY WITH RESPECT 
E OR PERFORMANCE OF THE PRODUCT OR ARISING OUT OF ANY 
OF TIME, DATA, 
k HAS BEEN 


prope 
J be charged 
failure caused 


removal, installation, set-up service adj 
which vary from state to state, aa 
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